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Yellowknife, N.W.T. 
OGiEOb era 6p tow or 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 

THE COMMISSIONER: Well, are we 
ready to begin today, Mr. Goudge? 

MR. GENESTs “Mrv ‘Commissioner, 
I'd like to raise a problem having to do with the order 
of evidence. When we broke yesterday, Mr. Marshall 
was cross-examining Or. Adam and as you pointed out, 
Sir, Dr. Adam will be returning at a later date. I 
have, sir, assembled a geotechnical panel consisting 
OLD Clann, Din. Morgenstern, Dr. Slusarchuk; Dr Harlan 
and Dr. Hoekstra , who will be a new witness, and 
the main purpose of this Ts to rebut the evidence of 
Dr. Williams and deal with the guestions that you were 
Yaising yesterday in the course of the proceedings. 

We would like to defer our 
cross-examination’ -- any further cross-examination of 
Dr. Adam. We have problems, I understand from Mr. Goudge 
first Of all that. the issues raised in-this £ros€ 
heave business are quite fundamental. I regard them 
as the principal issue raised in Phase 1. I understand 
Ero sMr. cota that he would like some time between the 
giving of the evidence in chief of these people and 


his cross-examination of them so that he can have an 


Opportunity to get advice, for instance, from Dr. Widiiams. 


We are very anxious, sir, to 
Put this evidence forward, at Teast the examination in 
chief, and Dr. Morgenstern has some rather rigid 


commitments tomorrow in Alberta, and I would like to 
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propose, sir, as far as we're concerned anyway that 

we be given leave to defer our further cross-examinaticn 
of Dr. Adam until his return, that we be given an 
opportuniey Go rebut “strictly what Dr. Adam said at a 
later date, and so that we can be enabled to put on 

the geotechnical panel on the issue of frost heave 

and complete the examination in chief hopefully today. 

LT understand that Mr. Templeton 
is snot in agreement with that procedure. I don't know 
what’ Mr. Goudge's position is. 

MR. GOUDGE: Sar, i may say 
obviously because of the nature of the complexity.of 
thearssues wevdeal'with in this Inquiry, and the variety 
of witnesses, that the parties seek to bring before 
you there is no doubt that we do have logistic 
probiems “or che «kind that Mr. Genest 1S raising. 

Thatiss on’ theyone trand . 


Om the cther hand, there 12s no 
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doubt that Drs Adam *is here really at my reque 
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complete his cross-examination this week, and other 


things being equal, I had hopes that we would have been 


able to accomplish that this week. He will, as we've 
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heard, be back as part of the Environment Pro 
Board-panel;* and for-that we're grateful. I may say 
take no position on the issue’ raised except to say that 
hreanctnderstand the difficulties that Mr. Genest has 
OnSthée ore hand,’ and» the Concern Mr. Templeton has on 
the other hand, that Dr. Adam be dealt with in full 

if possible this week, subject to the questions that 
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THE COMMISSIONER: Well, excuse 
me, if this panel of Mr. Genest's were to give evidence 
today, you wouldn*t«be ready to cross-examine until 
a later time to be arranged. Dr. Morgenstern would not 
be able to be here tomorrow anyway, I gather. 

MR. GOUDGE: No doubt about 
that je. Mr. Genest is perfectly correct. 

THECOMMLSSIONER: So Dr. Adam 
is unfortunately the person who is, so to speak, most 
inconvenienced by this. 

MR. GOUDGE: Yes sir. 

THE COMMISSIONER: DO you want 
COusay sanything about this, Mr. Templeton? 

MR. GENEST: Perhaps before 
Mr. Templeton gets up, Sir, we are prepared to proceed 
EomnoLrrow with Dr. Adam, 2f it wouldn*+ be an inconvenience 
for him to stay over. I understand he has to come back 
-- at least you've given the opportunity to Foothills 
to ask him back. I merely wanted to add that. 

THE COMMISSIONER: Do you want 
to say anything, Mr. Templeton? You're entitled to. 

Se. TEMPLETON: Well, Mr. 
Commissioner, I think Lt's a little unusual to interrupt 
the -- he was brought here for cross-examination, for 
the testimony he gave in June, and we all have logistic 
‘problems. I, too, have one tomorrow. todidn’ =. obgece 
last time, when Mr. Dau was put on ahead because it was 
more convenient for. him. 

THe COMMIESS TONBR: Excuse me, 


when was that? 
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MR. TEMPLETON :~" In the trans= 
Cript, pagerio0izc, Line -- 

THE COMMISSIONER: When was 1%? 

MR. TEMPLETON: Le was ‘or 
September 24th. 

tHe. COMMISSTONER ctist witat 
happened then? 

MR. TEMPLETON: Well, it was 
Eather a small thing but IT was brought “up again” for 
cross-examination and Mr. -- it was more convenient for 


Mr. Dau to go on, and I think Mr. Genest even suoted 


me aS agreeing which wasn't even discussed with me, and’ 


the rate 


an old Winnipeg proverb, I suppose if you get misquoted 
once, Shame on you; but if you get misquoted twice, 


shame on me. 
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3 | problems from everybody so we will accept that. 
1] Dt heiress rackhner unusual to interrupt the middle 
: of a Cross-examination that he was brought here for 
5 | and we had done -- had a considerable number of people 
7. at Our own expense trying to get out all the information 
a from the testimony so that he could relate all this 
ht material of the highwav, qeotechnical information and 
fa everything élse and to say, well, I suess we will disvenge 
7a with this now and go. on to -- you can come back at a 
| later date, sometime in March or whatever. 
13 | However, I will accept Mr. 
14! Goudqe's rulinca. 
| MK. GOUDGE: I don't make 
16 | Lubimes; sires 
24 Mi iBAVLY: “Mr. Commissioner - 
r4| Enis isn’t one of my witnesses, so in that sense it 
19 | isn't a direct concern from my logistics, but one thirc 
ped does concern me and that is that Arctic Gas has heen 
4H cross-examining Dr. Adam on a matter of Dr. Williams' 
42 | evidence. Thev now propose to call a panel in the middle 
3 i of their cross-examination, I suspect to discuss 
24 | those things that they are already discussina with 
a. Dr. Adam and to have him come back and say what do you 
sed “think about that. 
oa That is a very strange wav 
=3') off doing ’-= 
oa THR COMISSIONFR: It may be 


39 | Strange, but it is in a sense almost doing a favour 
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to Dr. Adam. He will hear what thev have to say before 
he is asked any further questions on the subject if the 
procedure that Mr. Genest wants me to pursue is the 
One tide 

MR. BAYLY: I understood 
Ehaterom@era concern of Mr. Temoleéton, that it was 
being done in that fashion sort of in mid-flight of 
Dr. Adam. Perhaps it is to his advantage, but Mr. 
Templeton didn't seem to think so earlier this 
morning or am I misquoting you again? 

: Ht COMME SS LONER: The 

third time.sShame on both of you. 

Well, I cot the impression 
yesterday that Mr. Marshall had virtually completed 


his cross-examination on the Williams' theory, or the 


fe. 


Williams' critique of the Arctic Gas frost heave pos 
SO I think it 1s Jogical to hear this. panel Oe 
Bnet ws my areason for coing along with Mr. Genest. I 
am concerned about the logistics, hut everybody seers 
to have loadistical prohlems getting here and then 


getting to wherever their next stop is. Det hin 


since you have these people here and since we are 


Lrohteinechiesthace of this frost heave thing and since 
occasionally I have the feeling that I understand it, 
I think we should ago ahead, I would like to hear 


- these people now before the whole thino slips away 


From me again. PP think welewit bdo that and’ if 
Dr.. Adam can remain until later today or tomorrow 
phGnevyer this panel,’s evidence. in chief is finished 


Wen could Govon with him. If he can't remain I cuite 











a 3 ale: , 
= | ” ds i 
“Lh 4eari 87 ib Welonaet 
: ~~ sate 

ey fal 

BS 


aoe ul ~ 

it FOR Mioame?* ae Re feesrss « od od 2nd? 
bik , 

a .t ; >t Bw tel Lo. F¢ae nobdeany sord wl ecrok anied a) 
ap 7h : 

ve pid’ Oo eh AE eoaises wnabdA «4d 


. = 

io ah boner a 
\ 

ia? a: rete. | +: are Unio wz Satan. 























: i : 
> Sviat 69. MeGe 3 ahi Hote LqreT 
Cine vay prilvounatin I ome FO west om 


ae, 458i vat we 
| iL +7? Aton “Wier - ® 
° 
m — a. 


. ry ie oil AS stele « nee: 


)ire Sey Tlecdevem . th ged? yabgedeoy te 
mafigih ails we aot ei imeico-aners ated { 
SAT MSN. 40 o appksis), “ample ike ~ | 
: () PeuM ot fsolvel at 2h anger t 98 te 
7 ta tiv “dele sic "ot oeaRee We at gant | 
Ut AAmiseleol edt gupde bonresnas me. 
+ oh s4an ane lrio Lenk aeingl pane 
mie Seen Geeta + 2 ORB OF wissen, 
He wag i eee seed? ever vey sonata, 
ctity encegl akg aide to dolit.ontt ab ated, 
Ji Dee in J, RBS rigs i it = ar | ee yitsdot 2 its 
6, bp hhagte, ow a beth 


; a one a 
Mie ite eyed toy SURG el wae, alagaq, 















woTIeMNed In yabos Beni. 
wideinit #£ peste ni Sone 


acl g mk Omeay 2* AnD 


z - Pa . ; 


“* > > ee 





Loa 


6 








understand that he is a busy man and then the cross- 
examination of Dr. Adam would have to be postponed until 
he returns with the Fnvironment Protection Board, but 
there is no reason for anyone to cet terribly upset 
about that. In any sort of hearing you have to jump 
around, or as Mr. Genest said, bounce up and down with 
the witness -- 

I should say I am not really 
concerned that we don't follow the rules as we might 
ied COUrt case. There you are trying to reconstruct 
what occurred in the past and someone is reluctant 
to testify or the order in which testimony is civen 
miqnt have a real reluctance to testify or producing 
a document or evidence late in the day micht be thoucht 
CfA SmUOtMcatOeecrediist lity), but the order of testimony 
might well affect the way in which the evidence -- 
the Way which the evidence is given. Here we 
are trying to predict what is going to happen and 
allowina everybody an extra crack at this thing, which 
ifruliy antend to do, even af Wt means the replying 
to what somebody else said in replying to somebody 
else who is replyina to somehody else and that is not 
an exaggeration of the procedure we may wind up 
following here. We may see Dr. Williams back again 
here because I was qoing to say, Mr. Goudge, that 
Lt secimes to me thet vou should send to him the trans- 
Cript of everything that has been said here since 
he left and get his comments sent to you and then 
Mr) SCOLe and. your With consultation with Dre Pyles 


can decide whether you think you ought to apply to ha« 


him recalled. 
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Clark ,Morgenstern,Slusarchuk, 
Harlan & Hoekstra 
In Chief 


Because I should think it's as much in the interest 
of Arctic Gas and Foothills to get to the bottom of 
this Asma the interest of the Inquiry. They 
don! tawan cytoebuildathis thing,jf, they: finally are 
gi venithesraght,to build, at,,.to) find, that. they, have 
under-estimated seriously this phenomenon. 

Adds raghty weld. you. ask. this 
panel to come up to the -- 

MR... GENEST: ~All of them, that 
as Doctors Clark, Morgenstern,;eSlusarchuk and Harlan 
have previously been sworn. Dr. Hoekstra, sir, is a 
new witness and perhaps he could be sworn. Could 


I ask the panel to take their places? 


JOHN IVOR CLARK, 
N.R. MORGENSTERN, 
W.A. SLUSARCHUK, 

R.M. HARLAN, resumed: 


PIETER HOEKSTRA, sworn: 

MR. GENEST: I have a statement 
of Dr. Hoekstra's background and experience which I 
would: ask, leave to.fiile, six.) His. name is, Dr. Pieter, 
Pa bahol- Eek Goekst rayhaO-E-K-S-T> RA. 
DIRECT EXAMINATION BY MR. GENEST: 


QO bus. Hoekstra,. just.as 


soon as you close your brief case so I can see you, 


THE COMMISSIONER: Dr. Hoekstra 
has been known until now pr, Hoekstra as lNeeketra as if 
were some legendary figure like Terragazzi. 


ME. GRNBST: 10. Dr. Hoekstra, 


you're now employed as a senior geovhysicist for 
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Clark, Morgenstern,Slusarchuk,! 

Harlan, Hoekstra 

In Chief 
Northern Engineering Services Company Limited? 

A MiGiSe 

Q And you received what is 
called on your resume as the equivalent of a Bachelor 
of Science at some unpronouncable Dutch name, at the 
Univeneity of Wageningen in the Netherlands. You have 
a Master of Science from McGill University in Montreal 
specializing in soil physics and physical chemistry. 
ioc COLVect 2 


A Thats acorrecs. 


OQ And you received a doctor's 


THE COMMISSIONER: Just before 
we go on, can I have a copy of whatever it is you're 


reading from? 


MR. GENEOT: IT am worry. I thoucht 
Mr, Marshall had done the paper route. We overlooked our most 
important customer. 

Q As to your professional 


affiliation, sir, you're a member of the American 
Geophysical Union, a member of the Society of Exploration 
Geophysicist . 

A Yese 

a) A member of Sigma *1, that 
ig.a professional. fraternity arks i Lh? 

A Yes 

6) A member of the United 
States Committee on Permafrost with the National 


Academy of Sciences. 


A COErLeECE. 
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Clark, Morgenstern, Slusarchuk, 
Harlan, Hoekstra 


in Chief 
O And you're an advisor for 
the Canada Centre for Remote Sensing, being a work group 
J : 


on soil moisture relating to that organization. 

A Theateas: Gorrect. 

O Them sir, from’ 1963 
to 1975 you were employed as a research geophysicist 
for theCorps of Engineers of the U.S. Army, in the Cold 
Regions Research & Engineering Laboratory of that 
Organization, and you conducted research, testing and 
equipment development in the following areas: Heat 
and mass transport in ground, frostsheaving:electrical 
properties Of. ground, unfrozen water: in frozen ground, 
shock wave propogation in frozen ground, sea 


ice physics, microwave attenuation in ground, electro- 


Magnetic propogation over and in the earth. Lsathet 
COrrects 

A ThavrsKcorrect 

Q And with the U.S. Army 


Corps of Engineers vou were in charge of their test 
program to obtain radar scatterirc -parameters for snow 
and Abe surfaces for terrain avoidance radars. You're 
also in charge of the ground and airborne geophysical 
exploration for mapping permafrost and rock type in 
Fairbanks, Alaska. - You're in charge -= you. are invol- 
ved in the geophysical exploration program for the 
proposed Tennessee-Tombigbee Waterway. 

A Yess 

Q Going Over, sir, to page 
2, you were involved in the electrical resistivity 


Mapping of the entire Alaska Oil Pipeline for corrosion 
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Clark, Morgenstern, Slusarchuk, 
Harlan, Hoekstra 
in ~Chnret 
protection, 1Ssethat correct? 
A Phat “Secorrect.. 


Q You're involved in geo- 


physical exploration as pump-stations on the Alaska 


Pipeline -- that's the Alyeska line. 
A Alyeska Pipeline, ves. 
Q And also for the geophvsi- 


cal exploration for borrow sources, overburden and rock 
type at the proposed Dickey Lincoln Hydro-electric Dam 
im Nortiiern Maines “Is°that- correct? 

A THAESVGorveets 

QO In 1968 you were visiting 
professor at the University of Illinois. 

A Corrects 

6 In 1972 you were secretary 
of the Army Research & Study Fellowship at the Labora- 
tory of Electro-magnetic Theory, Technical University 
of Denmark, is that right? 

A I was away from the Cold 
Region Laboratories for a year, yes, that is correct. 

O And you worked with a 
group on radar echo sounding of the Greenland Ice Cap. 

A Thal ts correct. 

QD And in 1974 you were a 
member of NASA, that's the National Aeronautic Srace 
AIMINistration == 

A Thats WOurec er. 

Q -—— "a group co "olan 


research and development programs in active microwave 
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Clark, Morgenstern, Slusarchuk, 
Harlan, Hoekstra 


In Chief 
sensors. 
A Gorrnect, 
Q And in 1975 you became a 


Senior geophysicist with R.M. Hardy & Associates, 
and were seconded to Northern Engineering Services 
Company Limited. 

A That's correct. 

Q And sir, attached to 
your resume which I would like to file as an exhibit -- 
perhaps I could let Miss Hutchinson have my copy -- is 
a schedule -- a lengthy list of publications of which 
you have been the author. Is that correct? . 

A And | COrauthor. 

Q AnGwinhparphicwlar Sir, 
you're the author of a study that was referred to in 
Dr. Williams' evidence as one of the bases on which he 
hase reaehedshis conclusions. 

A Right, CGhewsecond articie 
under the publication on "Frost Heaving in Frozen 
Ground." 

0) That's entitled: 

"Water Movement and Freezing Pressures, Soil 
Science: -=" 

A 
"Society of American Proceedings, Volume 33." 

Q Thank you. Now, Mr. 
Commissioner, I'd like to deal at the outset with these 
witnesses with some of the questions you raised rather 
directly yesterday to get their position quite clearly 


on the record. They will be elaborated during the course 
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Roe2s 
Ciark, Morgenstern, Siusarchuk, 
Harlan, Hoekstra 
Pe chaer 
of the examination in chief. 
Gentlemen, perhaps I could 
address this to Dr. Clark or the panel in general, 
as I understand -- perhaps you can tell me if this is 
correct -- Dr. Williams' thesis, it is that a chilled 
pipeline, such as that proposed by Arctic Gas, is 
going to produce many times more heave than our 
evidence predicts, and that we will not be able to 
suppress this heave with types of burial or surcharging 
that we propose. Is that a proper statement of what 
you understand was the main thesis of Dr. Williams? 
WITNESS CLARK: That's ue 
understand of what his evidence presented. 
Q Now, dO youagree with 


Ehiatitnesi se 


that thesis. 
(RESUME OF DR. HOEKSTRA & LIST OF REPORTS 


MARKED EXHIBIT 281) 
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Harlan, Hoekstra 
In'chies 
O Now, having got your 


disaqreement on the record, let us lay it aside for 

a moment and assume that it is correct. If Dr. 
Williams eis correct “in his thesis, in “your opinion, 
can Arctic Gas proceed with a chilled buried piveline 


that is presently proposed? 


A Noy they could not? 
0 And why Ws) that. Sax? 
A It would anvolve; for 


a buried pipeline, massive berms or tunneling which 
in our opinion would not he feasible. 

O And if I may deal with 
a subsidiary question raised by Mr. Commissioner 
yesterday which relates to the particular problem at 
river crossings. What about the application of Dr. 
Williams' theory in respect to river crossings? Does 
it create any different problems? 

A Yes, he identifies or 
picks as a specific example of a problem area, river 
crossinas, where all the conditions are present for 
the types of frost heave that he vostulates. Our 
POSILION 1S that the conditions at river crossings 
obviously are different than the overland frost heaving 
problem but the mitigativenmeasures or preventative 


Measures, if you like, that we have conceived, we feel 


are asappropriate for river crossings as they are 


anywhere else. 
@) SO. if Dry Williams «is 
right, you can't cross rivers in the manner in which 


you propose. 
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A Not in the manner in which 
we propose. 

0 Then, ear. contd = ask 
you if you accept the proposition that the views 
expressed by Dr. Williams on frost heave are more 
widely held among experts in this field than the 
views held by Arctic Gas or by Northern Enaineerinc 
Services? 

WEINEsS MORGENSTERA: 

A I would not aqree with 
that... I think. the views held by Northern Enoineering 
are the more common views perhaps kecause most of 
the experts in the field may be ‘associated with the 
project. The views as we interpret Dr. Williams' 
are. quite singular., His position seems unique in the 
literature. 

0 Then may I ask if Bias 
Williams' is correct in his thesis and his evidence 
was addressed mainly to the problem in the area 
Of.discontinuousrpermafrost.rifihis: concern ine that 
area,is+correct, is it applicable as well in the erea 
of continuous vermafrost? 

WETNESS ChARK: 

- A MES enerecOneearr:! 
he). expressed relative tonthe discontinuous permafrost 
Would apply .equably: terfrozeniqrounc;, in other worcs, 
the heaves. that he says will occur would occur ir 
qround that is already frozen as well as unfrozen 
qround. 
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Te ree 
pipeline is not practical either in the ground -- either 
in the area of continuous permafrost and the area 
of discontinuous permafrost. 

IN If one accepted his 
concept that would be the case. 

O Then se Nadler -asS «a 
preliminary question, may I raise again a concern 
stated by Mr. Commissioner vesterday. I think it 
was in these terms, are we not better to deal with 
the devil that we know, that is, thaw settlement, than 
the ae il that we don't know, that is, frost heave? 

WITNESS MORGENSTERN: 

A I have had a fair amount 
of experience with problems of thaw settlement. I 
would suggest that they are both devils, in perhaps 
equals regard: ~sTheeproblem of allowable thaw 
settlement requires a predictive ability, a knowledce 
of terrain, a detailed soil/pipe interaction and the 
same is eaually true of the problem of frost heave. 
One has to understand the processes, have some vredic- 
taverabadliatkyy,cundertake)|a-détailed.soil/pipe.ianteractic 
to desiaon under these conditions. 
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perhaps economics and so on aS to which problem = ane 
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hawerttomcenenralaze.one that’! balsas.) lite 1s a matter of 


Site specific conditions whether vou choose to cross 
a certain component of the terrain warm or whether 
mMoMTchcose> tcherass! at cold. 


Q i pela sacha jesz.cenc 





' te wh bee: - y ; 
SU CRIN aa 

a 
; 7 

sok at bivow Jes3 R48BHOS 
6 2B fic! t iat | Wy babe. 
aap 6s adens’ <aeer ara (Mots 
sfrtd 7 Pee ee ro? i vi hosase 

at Lor ar 

. alee eves Phat 


























i. 


¥ eee” ” 





ya S tid itera fete ty see Tt 5 sha = Inuns 


ay kinibeva ry ety sremoltyee 
9 


a (i CEA TSS Sethiedsbig .1iLestse Qo 
‘ 4 an ~~ mo {ire De etd Gave et shite 
» ? ) 2oeregitiy ail% liek tere fie of Bad? and 
ats . 
[ro> RG 4s i Peet ovol Fe Str 





pert suray Aart 4 ti hiyt infeeb. og 


ALL WE 


ho 


(68) 




















T REPORTING LTH. 10829 

i eS Clark, Morgenstern, Slusarchuk 
Harlan, Hoekstra 
In Chief 


chief... well,» chet 4s. Bake the tareay tthe “clear area of 
continuous permafrost -- 

A There is no question 
in my mindsthat one would cross) that cold, buried 
cold. Crossing that buried warm would create quite 
severe problems for a pipeline in the ice-rich terrain 
ENab~Onenwould have tororossratSome* parts ok the 
permafrost one could cross warm in which the permafrost 
doesnt tohave veryemuch iceviofi course@if it -is rock; 
Siw tteisSnGraye! Ormehirnastorrthat’kindy bit 
nomrally OUPAVISLOn Of Gditticult Erost settlement 
problems in continuous permafrost arise in conjunction 
of LCe=-Gieh snaternisalise 

OQ And what is vour view, 
Dr. Morgenstern, as to the state of knowledce of the 
problems of frost heave versus, and the design measures 
available to deal with it, versus the design measures 
and the state of knowledge relating to thaw settle- 
ment? 

A There has heen a creat 
deal of experience handling frost heave problers in 
engineering, though not of course thie specific probler 
that we are dealing on this project. On the other 
hand predicting and handling thaw settlement problems 
is relatively recent. I wuldn't like to say that one 
is much more advanced beyond the other. 

O Drs Claxk, Let me 
ask, while it occurs to me. I think you were quoted 


perhaps more than twice, in Mr. Temnleton's term bv 


Mr. Commissioner as uSino the adjective, "horrendous" in 
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In Chief 

~ connection with the thaw settlement problems. 

t 

me VEER LOSSES ME Gab ZAR 

3 | A I -think™"the context was , 

4 Mr. Commissioner had said that I had stated that 

>| running a pipeline at above freezina temperatures 

6 through the continuous permafrost zone would create 

ca horrendous problems. I was rather surprised by the 

| 

of) wore horrendous’; it 1S not an adjective that 1 

q , ; 

: normally uses’ I=trred:to’ find some’ reference to it. 
19 Pcon tt enInk that. ever sara that really -—-\ rs “what 
a al . 
ee 5 ofc t tilbte chon ul ace re Rcd = 
12 | 

ait MR. GHibols “But “yor are 

= ‘ , F , 

13 L politely saying that you were miscuoted. 
ra | 
| A Certainly “ene proplems 
} 
15} are very different and as Dr. Morgenstern points out 
| we would have a severe situation with’ the pipeline 
1? | Ppectormance “in Tee-rich Solis. The only thing I could 
18) find “by going throudh the volumes “which startled me 
19 | by their number when I went throucdh our cross-exarination 
py ii . . . . 
os | anc evidence in chief the last day or so was a cuestion 
| 
21 | , 
but te me “py Mr Anthony . 
22 
23 - 
md | 
25 
al) 
| 
pay | 
H 
28 | 
29 || 
ae 








ofeal . +. ae | 
Avdotseule \nistansv10M ,Axs1D 7 cae yeuaRue 
sitexool ,asilisy 

tsindd at 


»ematldord tasmslittse wedt ods dtiw aoktstosennod 


.25w txotnon oft Anind I A 
tedj hbetsie bed IT gsddt bres bed xenotaaimnes aM 
asitussteqmes omisssit svode th Smileqiq 5s oninats 
etse19 bluow snos teorksmieq avouattnonons dovords 
sit yd Bbesetrquve redisxt esw I .emetldorq avobnerz0d 
I tedt svistoet5s as tom ai +f ,"“auobnerrod" brow 
-Jf OF soneTetex omoe bait at babaa Tt Sep vil smton 
tédw ef ~~ vyilso1i gedt bise weve l Sede aneas staobh T 
- .36 pnitton ma I 

SIS MOY DUE os Pemeiie Sat 
-Hetounakim o1sw yoy gsdt naives viesilog 

ameaidorg eds witess wen A 
tuo agntod anxetenspi0eM .4d es bas toetetIib Jus SIs 
aniteqiq oft dtiv nottsustie steve2 « oved Bluow sw 
yoo I eatids vino eAT .elioae dois-ent nt osonsmtotiea 
an hafltiste doidw eomlov edt Anuoidt onion we ET 
TOLIS ALIENS -Saons TAS dvetards tnew T nanw xvedmun rredt vd 
MQLSEaSu 6 agw of 10 yvBD tasl sAt totdo ni somebive Sas 


.vaodstnaA .xM vd em of tuq 


we) 


vas 


CO 


a 
aD) 


ho F 
we 


bt 
(on 


fo to tl te 
Oy a | po F) 


he) 
) 


2 
“ 


Clark, 
Rania, 


ita 


cChiet 


Moraenstern, 
Toekstra 


joacon tt ave, the vexact 


reference but it was to the effect 


studies on -- had we heen 


conducting the gas at above freezina 


16) 


ad we cone 


LOBBe 


asked to, do any stucdie 


the. cantinvous. zones and. I replied 


asked. tousitidy that, 


later Mr. 


Lemperature 


het wer nacia” 


‘Meammpdetaeme ts aid 


= 


ép) 


Gh 


point and I think that we stated our position the 


LC omen wArGh Z2lSst . and according 


in his question he says, 


MORAY; 


the discontinuous permafrost zone, 


’ 


the -least environmental chance, a chilled 


or a non-chilled pipeline 
pet. 1S 2 squesh1 on 


look at almost on a 


cy 


that we 


Gane 


And mv 


Een Wie 2 ems 


which would 


] 


AMSWere VWiaS 4 


would have to 


SoeCiiae) Jaca aucin. 


Quxreconeent has been to brine chilled 


Sas,cown to that poi 


zone where we can th 


wunchilbed mode ang. not have 


major problems downstream, 


meltina of permafros 


Tans 


em 


1G 


lane where, it as now. 


neigy melas 


a 


LS COMe LUO 


COnVereE TG) can 


ey (eiael Ie waiela’ 


Tanai econaicn mi ahas 


We like the 


noinvyeiae: ai 


am awed 


where clearly it is better to he chilled 


because“the problems associated with 


massive around ice meltina and not 
CncOlmuereo With a  Ichiiiikeds Lame. here 
AES timer yaGceas where It ts clearly better 


ROtaOmbe IcChulilied because the jmrolbilemns 


PeGMaws wou Nee Joe. senna sliacr 


_ 


Then there ws a qray 


bemoaned tkes its ome 


area where 


way 


or .the 


frost heave. 


atime meronbMbrs 


other. 


— 


ap) 


On another subject 
cau 


pace line 


Siusaicehuik:, 


throudh 


been 


ce 


Srtevso” ieee t 
TROND anes 


tosxe ont oven t'aob T 
vas amtob ow bed tostis Sfe of esw ti tud sonetetsy 
a) selousa yas ob OF baXdes mead ow bed -- no earbude 
Sieregep ube) 2otutstoame st OMissert evods ¢6 esp edt pnistoubaos 
aged +'absd ov tedt Sotloat T bas aenos auounttaoo eds 
ed? beeisx notalomsey Ga asiae edt vbute oF bedes 
-8yens ROLF Leoy ro bhoetstea sw ted wats 1 bripgdaied 
fosSs [ames 9 uM "az vat brosos prs ~9eisS cdoxseheqo eew 1 


ami toercdue zsdtons m0 ,yvexwo” ,ayvee ed noistesum, 2td nt 


ap 
iG 


sus bluow soinw eros saortenredq avounitroor rb ent 
antioaia ballin 6 ,asnnado Isjnamnorivas soees ods 
:=>oWw Yewens ver bat Senilogia boliids-nea) Ss 20 
of aved Bliow ow dade neistesirn sc 2t 36ar! 
abd DiTioete edhe Gc ao teonia ts saod 
ballida DaAtLid oF nead asad stasonos. yO 
2yomLAtosde ts SAF ns Amioo Geds of, awobssan 
tf Of ¢tsvaen msn asa sw sotorw ems 
cjtiv [seb of aved tan Soe obom belirdonnu 
20 amaldorq ,"eS9%tanwoh emetdexq xoftsem 
adt oaxnrtl at oes ro parts Laat 
BSG IG 2t S%edT .wond at Ff stadw oenkl 
Dallido sd of wetted at fi yinasslo stenw 
Ajtiw hatebooeen ame ldotg adt* 9ayanod 
JO. Om prittfem sot Brneup sv beam 
aygod? stil Beitins os debe Ssrsdaudeme 
tetsed Viltsalo BE Fi stsdw epaers. aerito. exe 
amealdowd odd sanspnod Sef Lilia od oF ton 
-Sveer +2027 oartididat ed Aigtey eanntdq 
Of tera: Ss otasiw BOTS VSI 8 Sh stedt aerit 


.tedto oAs. 10 vaw ono gid ofs til 5 9d 
hd 





Nh 











LOB 22 
-ErPOR NG L-TO. 
PY me, ye Clarig, Morgenstern, Sliuisarchul 
tarlan, Hoekstra 
In Chief 


We think that we picked the area 

that we can support and we think 

is thewetace 6 convert 

from chilled to non-chilled." 
So that is the only reference that I could find 
that would pertain to that. 

DEE COMMisSs KONERS Well, 
forgive me, I certainly won't seek in any wav to 
hold you to an expression you didn't use, but you 
lapsed, I had thought from strict engineering terminolocy 
and I seized on it. 

MR. MARSHALL: Mr. Commissionery 
if lL micnt Just Gomment for Mr. Waddeli's benefit. 
imMierteempeine LO assist Dr. Clark an tracing the 
"horrendous" reference, I made use of Mr. Waddell'’s 
index and was unable to find any of these subjects in- 
cluded among the topics that are founc in the index. 
There is no pace far “horrendous or for “frost heave” 
or for "thaw settlement”. 

Tr (COMMIS SwONiE Res Well, I think 
two of those are significant omissions. 

MR. GENEST: Well, Sir, 
we will develop these as we go along. Perhanvs if 


L-could new turn to pr. Slusarchuk -—- 


THE COMMISSIONER: dust before 


You, 00, coulda JI just ask one question first? 


MR. “GENPST: Of course, Sir. 
Pik GOMMILSS NOM ine Dr. Adam 
Said vesterday afternoon, I don't know whether vou 


were here, he said, well, he said, this isn't such a 
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In Chief 
1 touch problem because you can just shut off the 
2 | 
coolers. 
3 Can you say something about 
4] that? 
5 WITNESS CLARK: 
6 | 
i A Theat is quite obviously 
ay one that has occurred to us as well and we have not 
S| only investigated with the people in Northern Fnoineering. 
9] that do these studies, the line flow studies, the 
| ‘ neere & 
10 | Shutting Ort yor Coolers, but “Ehe flexibility thet they 
1 des ate’ : 
| would have in modifying temperatures, in other words 
121 : 5 
~ | Cpt mirom mimis 0 co sperhens 30 == or from 10° to 
\ a 
we | perhaps 30° and they have advised us that it is not 
eal} 
7 {i r % S = 
ld} feasible to Go that. It as not =- their mechanical 
5 | , : 
15 | studies and line flow studies have not given us 
{ 
| Very much comfort drm that. 
aul 
2B | The other problem of course 
18 | ; 


Sn jist shuteing "Obnr the coolers 2s that the oround 


begins to melt and the pine beaqins to perhaps float, 








2“ SO at is not a simple solution Gither in actually 
oy : : ; : 
eoncucting the Gas Or an desiqning for that’. 
22 ‘ ; : 5 
= | BUG Qt 1s certainly one that has been looked at. 
\ 
23 Mae GeNEG 2s 
| - @) Bee ieee: al 
ra, tes | 
ilk would £60, == it might be useful, Mr. Commissicner, 
| 
ike ial | 
tae aa . . P . 
| 1f you had volume 69 which is the evidence of Dr. 
) 
ile Was hk : 
Williams because I am aqoing to he referring extensively 
| 
oe || 
has | oe st ts 
li 
23) aA, £3 queen 
Gan eur your “atvener von 
29 | 
5 EO;,. 2 Want to turn your attention to several transcripts 
f 
Oi} 


ee ee Perercnces. “he Tirst Gs at page 10237, thet is all 

































- Mees oe 
dudoxsent sora : 


tuods vatdtomoe yee voy ms6D_ 
1 - » Fe 7 : 
oe 
-AHAIO BASMATIW - on 
vlaevoivdo stive et sant a : ann 


tom avert ew ban [low 26, Sb sod bartuo9° a teas 900 
add .pelbodge WOO> ‘eat ens aes eeedt oh tsdt 
vers dant vottidexal? ond aud y2 Ip Lood ta tio eydactusie 
2eroe yvaddo al ,estussisqmed parytibom atarsd biuow 
st Pct Wok 1 OR Saenger poke moxt ene 
ton ei 2b tend ex ivbs saved yeds bas. one aasiiieq 
(ep rasitsom wisi, -- Som) ae gt - gant oD ot oldiasst — 
oy tavin gon eved eekboste wol? siti t Bas eotbuda , 
sShHd Of Saotnos Alois nav 
eaytuo> 7o, teldosa aoslee ont sanelt a 
bacon ado tad? et anmafgeso eg Tie ealtawis taut 30. :<" 
78007 Bashycd OF Sruped ‘Been ants bar Jism ox, ae: | 
‘lauvtos mt taditie cerdalee alqmra 6 ton at si 08 
Jedd ro? Yb lam TE ao ABR okey paisoubaos . 
38 DSatool soak agd-tedd emo vinistied et dk gua 


; poate) FEM ; : 
t suiosewote ae 9) t 


b 


,ftandliesinnod .IM .idteer ed sdpra oe a> Oe eR ow ; 

om) i 7 q : 

90 70 ¢odsbive oft et toinw 0a anulov Ded voy tk m 

: ; j : a an 


vieviatedks nalrietet ed os piiow ms 1. spusped amned 
: : : ' 
HoisneI28 wey pap 3 eo), 7 
etqiroags«t Isxayee oF poiane aie age 
fle 21 360> a0 08 mre f it 9 
| Of speT 23 


<a . 5 : ene 





CO 








10834 


REPORTING LTC. : Clark, Margenstern, Slusarchuk 
a Harlan, Foekstra 


in ChoLer 


mOolume. 69, LOZ3 7, sat Line.7 and I would Like to 
cuote .fromuthat, wine 7 bo 16, because Tf “want here 
to qet at the basic reasons which Dr. Williams postu 
EQnm Hiswteaeory sand have your comments.on them. Dr. 
Williams says here: 

Tigwetitemtco, direct your attention, to 

the processes which are actually 

Going On insthe soil to the nature 

Biorne pulling Lorces,. that .1S , the 

nature of the forces which are trying 

to pull or hold the water in the 

freezinc soil because clearly the 

macnitude of 24 shutoff pressure 

necessary to prevent or reverse the 

flow of water is determined by the 

freezing soil's ability to draw in 

water. The maximum pulling force 

tLiewscil Canvexcrt JS uitimarely 

the shutoff pressure.” 
Then if we go to page 10247, where he is talking of 
Dr. Hoekstra's paper and his experiment described in 
that paper, 10247, line 10, there appears this 
statement: 

"Now, Hoekstra didn't have an infinitely 

Jona time available for his experiments 

either, but he nevertheless managed to 

make measurements of very high heaving 

pressures. He called them expansive 

pressures, heaving pressures. Fe didn't 

use the word ‘shutoff pressure’ of course, 


Dipeie hese lAtcin heavy Unc)... . 
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Harlan, Hoekstra 
In Chief 


Teehink. Lt shoptce says. or, 


Ww 


shutoff pressure." 


Soiree ic. Clark, Morgenstern, 


108:3;5 
Slusarc 


...expansive pressures are of course the 


And then if we qo to paqe 19299, which is a statemen 


that occurs during Mr. Marshall's cross-examination, 


Sooke bc. Wilkiams says this, the cuestion 


TESS 


reli, L£ understand, Sir, that the 


heaving rate in Hoekstra's experiment 
was zero and he was dealing simply with 


@. Secustribution Gt moisture within 


the soil sample." 
Answer: 
"Yes, well, ,you see he was cettina 
maximum pressure and of course the 
maximum pressure is that at which 


the heaving just ceases, but in his 


experiment. there was expansions coing 


on, but the way it was done was to 
measure the pressure developed. Now 
the maximum pressure here is the 
shutoff pressure." 

Question: 2 
"There was no expansion and there 
was no heave?" 

Answer: 
"Well, one would hope not, that is 
the definition of the maximum 
pressure." 


And M™y last reference appears at nade 
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pi ee Clark, Morgenstern, Slusarchuk, 

















Harlan, Hoekstra 
EieChiteer 


THE COMMISSIONER: LQg5 2? 
MR. GENEST! *ROS52, sir, at 

line 14, and it is'an answer to a question by the 
Commissioner who has just summed up the concerns. 
The Commissioner says: 

bcubyeece CO. Lhat have’ f in a very 

rough way summarized your concerns about 

the approach Arctic Gas has taken?" 
Answer: 

"Yes; latnink 60, except you, did ‘Stress 

thes rate thatcchey, eccoraing to my 

viewpoint, have failed to measure the 

volume of heave 20 the dial gqaude 

and Mr. Marshall raised that question. 

I wasn't very concerned about the fact 

because they didn't in their report 

really make anv great claims that they 

had measured to the required accuracy." 
Pna what. particularily call your attention to as the 
following sentence: 

"The seport tS based on Stopping the 

flow of water into the bottom of the 

Selly Doi! am isaying that that is 

noterealhky enough jWust,to sStop.sthe 


Water flowing into the soil.” 


; Now, with these transcripts as background, Dr. 


Slusarchuk, is it corvect to say that what Professor 
William's contends, is that treshutoff pressure will 
ultimately be the maximum pulling force that the 


frozen soil can .exert? 
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Prine rine ALO: : Clark,. Morgenstern, .Slusarchuk,, 
BURNABY 2, B.C. Harlan, Hoekstra 
In Chief 


WLENESS* SHUSAKGHUK: 
A Yeo, car. 

Gi O And that this shutofé 
pressure or maximum pulling force is equal to the 
same thing as the maximum heaving pressure observec 
in soils subjected to freezina under conditions 
of no volume change? 

A Ves “Sir, that is. my 
understandina. 

QO Ancy in tact, conditions 
such as that measured by Dr. Hoekstra in the 
terms described in his paper. 

A Yes,» Sirs 

TE (GOMMiES oa ONE Rs I wonder 
would you mind just repeating that series of propo- 
SlevoOns i. afoul dont. Mane . 

MR, GENBSY: NG not at ali, 
Sit. Eburst, tliat the sShutorrt cressure wilh wltimately 
be the. maximum pulling force that the forzen soi] 
Can exert. 

SOB, MCTOWNI a Vators aK OUNGa R26 MaGSu. 

O In other words he 


equates the shutoff pressure with the heaving pressure 


THE COMMISSIONHR: Williams 


does. 

MR. GFNEST: -- the pullina 
force. 

THE COMMISSOLNER: Williams 
does. 


MR. GENEST: Williams does, tha 
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ST REPORTING LTO. i Cleatk, Morcenstern, Sl 
Bice seek ei: Harlan, Hoekstra 
in Chiez 
fe right, anasto put At another way, the shutoff 
pressure, Maximum pulling force is eaual to the 


maximum heaving pressure obtained in soils svubiec 


Gt 
40) 
> 


to Freezine Gmaer conditions Gf no volume change. 
Dr. Hoekstra"s paper described, as he can tell me, 
a closed system. There was no room for expansion 


GE ihe frozen -soil, ar iaeeormacte 
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URNABY 


Clark, Morgenstern’, Slusarchuk;, 
Harlan, Hoekstra 

in: Chier 

WITNESS HOEKSTRA: There's no 


room for expansion of the whole soil system. Where the syster 


is notclosed and .. water is allowed to flow out of the -- 
Q Flow out’of Lt: 
A -- sample -- | 
Q But is there any room for 


the soil to expand at all? 
A There is no room for the 
sor. to expand, that."s “correct. 
Z Q Now does this flatly 
contradict the definition of shutoff pressure put for- 


Ward by N.bwo 2 
WITWESS SLUSARCHUK: 


A Yes sir, it does. 

Q What do you equate that 
shutoff pressure to be? 

a Well, if 


have three view graphs that I would like to show in 
Order to illustrate the fundamental difference here 
between our position and our shutoff pressure, and 
that proposed by Dr. Williams, I think I need to 
go through that exercise in order to get to the 
fundamental difference between our positions. 

Q Would” you do that; Dr. 
Slusarchuk? 

A I see that I have drawn 
my view graph just a little bit too large to be foc- 
used and projected in total, 

On Pais graph along here I have the rate 
of water flow into the freezing soil, in other words 


drawn 
the soil that is/into the freezing front where the adjacert 
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Clark, Morgenstern, Slusarchuk, 


Harlan, Hoekstra 

In Chief 
unfrozen water going into the frozen soil, freezing in the 
form cf lensing and causes heat. Down here I've plotted 
the rate of water flow out of the: freezing soil into 
another freezing soil, and that is termed expulsion, 


and that is water at certain pressures upon freezinc 


wie pusch away in front af the soil.. 


Now right here is the zero 
poINnt where water is neither, entering mor being ex- 
pelled .o the freezing front. 

Along here I hav e plottec pres- 


sure increasing in that direction. 


Frost-heaving soil and plots 
the rate of water flow into the freezing soil or out 
of the freezing soil, and the function of the pressure 
one will get a line something like that. At the lower 
pressures you get water being drawn into/ freezing Sout 
forming ice lenses;as the pressure increases the 
amount of water you draw in or the rate of water that 
you're being drawn in is reduced, until you come to a 
point eee oot have sufficient pressure to stop the 
water from flowing into the freezing front. It is at 
that point that we define our shutoff pressure. 

O.K., that's no water entering 
Lhe. ireszing sovl trom the unfrozen soil. _If we con- 
tinue down this line by increasing the pressure, we 
can measure a maximum heaving pressure from constant 


volume or in quotes "no heave tests" similar to the 
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Clack Morgenstern, clusarchuk, 
Harlan, Hoekstra 
In Chief 
tests that were conducted by Dr. Hoekstra and cited by 


Dr... Williams. Now it is these pressures out here 


that Des wewwwams Leters to as the high pulling for 


Q 
(0) 
YQ 


the heaving pressures, and in fact Dr. Williams -- these 
pressures are in fact Dr. Williams" shutoff pressure. 

Now if one is to accept these 
high shutoff pressures, one must also be -- must also 
realize that he is getting these pressures at a no heave 
or a constant volume situation. To us that means that 
Dr. Willaams is applyin’a shutoff pressure criteria that 
means that our pipe cannot move. He is -- by his 
criteria, by his shutoff pressure, he is forcing ae to 
adopt the criteria of no heave of the pipe whatsoever. 

Now we know from our analysis 
that the pipe can in fact can stand differential 
movement, can stand heave. That is why we are working 
and Gesignuing im this area along here, and to be clear 
we are designing to control the heave of the water that 
is being drawn from’ the unfrozen soil into the frozen 
soil -- into the frozen soil forming this ice lenses, 
causing heave. Our job -- yes sir? 

THE COMMISSIONER: Would you 


repeat what you said? You said you're trying to cope 
created 
with the heave Fy water being drawn from the unfrozen 
S011, inte frozen? 
A That's the’ part that we 
are trying to control. We are also coping with the 
natural insitu expansion, we're coping with both, but 


the pressures associated -- 


Q That is the unfrozen water 
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Clark, Morgenstern, Slusarchuk 

Harlan, Hoekstra 

In Chief 
within the frozen soil? 

A The unfrozen water within 
the frozen soil, or the water that was inBitu tO" StaGEE 
with, and the frost front simply captured it and froze 
it right in the soil particles and those -- within the 
soil particles and that water expanded. 

Q Vest “inst earat dada t 
have to move. 

A ft 'didn"t- have” to-move, 
terseatveddy Chere, “so we re“Ccoping With that, “we're not | 
ewying@to-econtrol*that? We're just trying to control 
the part of the noe due to water being drawn into the 
freezing eh bec ables stink unfrozen ground, and 
that is in that area. 

Now what I'd like to do is 
just take a moment and describe the frost heave test or 
the tests that correspond to a no-volume okt a no-heave 
or a constant volute test from which Dr. Williams has 
obtained his large shutoff pressures, and compare those 
with the tests that we are running, which we run at 
constant loads. We can run a test at different loads 
in order to get points along that line, in order to 
establish ase line, in that area of our interest for 
the different soils along our route. 

Then I'd like to show you, 
sir, why I think that our tests are applicable to 
our pipeline case. These are not -- and this is in 
addition to the fact that I already have said that these 
force US into the criteria of absolutely no heave of the 


Pipe, so that in itself is a bad point from our point 
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Clark, Morgenstern, Slusarchuk, 

Harlan, Hoekstra 

In Chief 
of view with regard to Dr. Williams" shutoff pressure. 

0) Excuse me. I don't under- 
stand why you say that he proceeded on the basis that 
you could not allow any heave of the pipe . I thought 
he was acknowledging there might be a certain amount of 
heave of the pipe, but that the extent of the heave that 
was likely to occur had been under-estimated. I'm 
missing something here. Maybe you could try again. 

A Well, this is what he 
said. As you say, he did allude to heave. Now I'm not 
sure how Dr. Williams makes the logic step between the 
no-heave test and the high pulling forces to the 
assertion that he can allow us to have some heave. Maybe 


that's a question you can put to him, because I can't 


follow that logic step. 


Mra GUNEP SH? “=Why: note 


A "ol ] T 
can't follow it because the eens that was just 
read in here with megard, to,has;) definition of shutoLt 
pressures and maximum pressures and pulling forces and 
experiments that he refers to, and uses as evidence of 


his large pulling forces, and uses those numbers, they're 


all with regard to the no-heave or the constant volume 


= 


Situation. 

MR. GENEST: Q What's the 
difference between the two? Why are they large anda 
constant volume? As I understand, a constant 


volume there is no room for movement. Am I right? 
A That is right, and 
I was going to explain each one of those tests and 


show those features in my next view graph. I could 
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Clark, Morgenstern, Slusarchuk, 


Harlan, Hoekstra 

In Chief 
either go and do that now, or maybe we'd like to pursue 
this. 

THE COMMISSIONER: No, well 
you go at your own speed here. 

A Yd f1rst” dike to” deal 
with the numbers that were obtained way down on My 
graph at the highpressures that Dr. Williams was 
talking about, and how they were obtained from the 
constant volume tests,such as Dr. Hoekstra undertook, 
and Dr. Williams was citing. In fact, I'm simply just 
explaining to you again Dr. Hoekstra's test, in fact. 

You have a soil sample in here 
within a very stiff container, and a very stiff frame 
by which you can measure the pressure. You start at the 
bottom. At the bottom of the sample you have a porous 
plate so that as you start to freeze the sample, the 
infsitu water is going to expand, the St Si of the 
container is ee going to expand so you force the water 
to come out. It's the only thing that can happen unless 


you burst the container. 


Tre stiff frame measures the 
load that the heaving pressures are exerting against 
that, and aes look up here, here we have a plot of 
load increasing this way, versus time. The load increa-_ 
ses very quickly and then, to very high values, and then 
very slowly continues to increase, much in the manner | 
of what Dri Williams is talking about; about the loads 
increasing with time; and these are results that you 


Gomi, Look at by Looking *at Dr.. Hoekstra’s paper. 


The point that I*d also like 
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Clark, Morgenstern, Slusarehuk , 
Harlan, Hoekstra 
En -Chief 
to make is that if you look at this graph here, where 
I have "heave" plotted, and this is zero heave, versus 
time, yougwild plot no line at all. It would follow 
right on that zero axis there. There is zero heave. 


There is no heave whatsoever, and that is the number 


that Dr. Williams was using in this kind of a test 


mhnen Ne nad no heave. to Set this large -- the kind of test to 


CL 
P his large numbers, and that's why I say my interpretation 


of that means that he is also forcing our pipeline to 
have no heave if he wants us to live with these large 
heaving pressures. He wants to tell us that these are 
the right pressures. He's also got to be telling us 
Our pipe can't move. 

MR. GOUDGE: Sir, I wonder 
if Mr. Slusarchuk might first number his overviews, 
and secondly when he points to eachhone of the parts of 
the overview, might indicate whether it's top, middle 
er bottom, We're going to be asking to get copies of 
these and send them with the transcript to Dr. Williams. 
He's not here to see the slides and I would like to 
have some way of matching what you're saying, Dr. 
Slusarchuk, to the slides you're pointing at. 

A Ves, 2) 1h) do that. 

THE COMMISSIONER: Well, this 
One we're looking at now is the second one. 

MR. GENEST: Yes, Slide 2. 

Q Before you leave that one, 
and if I'm getting ahead of myself, you tell me, if you 
gained a little room for that soil to move or heave, 


what would happen to the high pressures measured? 


see 
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in erie £ 
A Well, the high pressures 
would immediately drop off. If you had some kind of 


a screw jack on here that you could just allow that to 
move, Say a few thou an inch, this load would immediately 
JUste eter rignt back down €6 zero and then it would of 
course =- and then you'd Just’ start your *te'st “all-over 
aeati i: you dron t keep adjusting; but «vf. youvallow «this 
to move a little bit, then these pressures are relieved. 

Q Well, do I understand then 
that a slight heave in the soil will immediately make | 
a dramatic difference in the pressures? 

A Yes , thats correct. 

For’ Mr. Gotd¢gé;*this “is? the 
left side only of graph No. 2, and I want to now talk 
about’ the™right*side ‘ofvgraph Nov" 2: 

MR. GOUDGE: Thank you, sir. 

A I now want to talk about 
a constant load test instead of a constant volume 
test, and these are the tests that we have carried 
out, and the tests that we feel are representative 
of what is happening in the field. 

: Here is our soil sample that 
we are going to freeze,and on top of the soil sample 
we have a moveable loaded piston or a constant surcharge 
pressure. We put a constant load on this piston, it is 
free to move up and down as it feels, as it likes to 
in response to what the frost-heaving characteristics 
OF the soils analy at the pressure is what we call the 
shutoff pressure, and it Ws —— the’ bottom ot the 


sample here is attached to a water source, if the pressure 
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Clark, Morgenstern, Slusarchuk, 
Harlan , Hoekstra 
In Chief 


is low, then water will be drawn into the freezing soil, 
and this will heave at a rate commensurate with the 
heaving Srensoee ris tice of that sonal. 

Now, if you look at the load 
versus time, we would have -- 

MRweiGENEST: Q You're indicat- 
ing the middle chart on the right-hand side of chart 2. 

A I have load here and time 
here. We would run one test at load 1, another test at 
load 2, another one at load 3, and another one Say at 
a shutoff pressure. O.K., now if we were measuring the 
heave, the lensing heave, and by the hewcime « dieave 
I mean the amount of heave due to the water that's drawing 
into the sample upon freezing we would measure something 
like this with time, lensina heave, this is the top 
graph now, lensing heave increasing that way and 
timed that way;with a low pressure we'd have our 
heave occurring at a fairly fast rate, at the next load 
atea Lnotes rate ,@atudestowerrnuate foruloead.No. 3. And 
finally at the shutoff pressure we would be measuring 
a lensing heave that was right along that zero axis, 
in other words there would be no water moving in or out 
of the sample. We'd be measuring this water and we'd 
notice no change. 

If we applied a test at another 
load we would have in fact been expelling water and 
measuring additional water in our water sample here, 
in our water supply. 


Now, why is our constant load 


test more representative, or why is it representative 
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Harlan, Hoekstra 


In Chief 
of our heaving -- of our buried pipeline, our chilled 
buried pipeline in unfrozen ground situation? Otay 
what I am saying -- well, first let me describe what 


I have here. This is the ground -- 

THE COMMISSIONER: You're now 
On tie eaird “graph. Go ahead. 

A We now have the ground 
surface here. This is the pipe here. This is the 
position of the freezing front. I just put in.a Trew 
token ice lenses in behind the frost front. I'm putting 
some ice lenses -- 

MR GENES Is = © (When you say 
"token", you say there's a lot of ice lenses inside. 

A There's ice lenses in 
there, I just didn't want to confuse the diagram. 

I'm now talking about the ice 
lenses at the freezing front, the ones that are forming 
here and they're forming here because they're drawing 
water in from the adjacent unfrozen ground, and freezing 
and forcing the pipe up. There is -- when these ice 


lenses attempt to develop here, they have a certain load 


Il to 1ift up. They 've gotvall of that frozen Soil, if we 


put a berm on they've got to lift the berm; if we wanted 


to =—- there are other things we could look at too. This 


is moving up through the soil, then the frozen soil is 


then having to sheer, have a sheer plain through there 
so that you've got further resistance through there, and 
you can take that into account if you like. But there 
are a number of forces trying to keep that pipe down, 


mainly the weight, and a lens trying to heave it up. 
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So that is very similar to our constant load test. We 





put a constant load on our sample in our laboratory and 
it heaves away, as Poul like £0, Lor ‘that’ particular 
S01, aimee Or ecsire. wo run it at different pressures, 
so that as our frost bulb grows and gets at different 
pressures, we then have an idea of the rate at which 
ice lenses .want to crow in that soil at that overburden 
pressure. If we run through an analysis and find we're 
getting too much heave, for example, we can bury our 
pipe ceeper to get additional surcharge pressure like 
eho; ico eeadeee this whole freezing zone down there. 
If that's not enough, we put a surcharge berm on top 

in order to give us again more load for which these 

ice lenses have to work against. The end result being 
that the pipe heaves upward at the rate determined by 
tne,load. on, the. frost front. 

That sort of ends my discussion. 

@) Let me pursue it. 

THe COMMISSIONER: The graphs 
should be marked. 

ME Genes. To Lienave. them 
xexroxed), Sir. 
E THE COMMISSIONER: Fine. 

MR, GENEST: Well, I‘ll give 
Prec Originals) +o Mins Hutchinson. I wonder -- well, 


perhaps we can remember the last graph. 


tH 


Q Ditaesiiusanchuake,. sas 
understand Dr. Williams’ thesis is that you do not 


solve your problem by applying a berm that is sufficient 


(D 


to stop the water coming to the edge of the frost fron 


Ossol 


\Audorseula ,arestenspi0M ,axsid 


ew .tess bsol tnstenoo avo oF zslimie yrsv ef teoft o8 |: 
bas yiossiroeds! mwo ai slgmse 
teluoLsveq ted Bor oF sare 


,e9iveesig tneiestiib 36 Si aux 


on 


texsok 


, ame £ 


26H 


teidd nat 


avo mo bsol stastenoo 5 tug 
bluow ti e@6 vews eevsed ti 


ay «SiIveesagq ts6dt ts [toe | 3 


tirh 36 atep bas ewoup dind teoyxvt an0o es Jsdt o8 


Asburdyavo 


sy" aw Be 
<a ak a A/S 
Bora). re 
Ssxit sx 


aradt 
TOF M6 


seers dotdw 102 bsol stom nisps ay svip o¢ 1asbr0 at 


Pri sa 
os, 
sf i 
OLte i 
Pe eee oe 
Se MS) Lp 
mods 
2 
Tin Yh § r x t 
Be 
y ded = 
Ll 2s 
xe Gt ted 
acy 


tneftottive ef teds mred s paiylqgs yd maldoxrg 


- oy. 


eat6y 
3603 
DAB 


BA 8 


mad ms5 


ont 0 sabi 


36 iLfoe 


ters 


efevisns AS 


Te 


aw 


spisnoivue ([snottibbs step oF tsgssh sqig 


,siqmsxs 


wob snos pnissesxt 
misd sprsnoxwve 5 


Siveear bas 


MLSDay 

vm eb 
wh > arrs 
ke SS 


aT 


eten 


Sia? ans ts 
me to txuae 3 
weg em tol 


teo01i edt to spbe add of 


8 svsd nent ew ,aetueasig % 


ni woip o¢ gasw- esansl sot 
devords out ew tI ,stueestgq 


rot ,svsed doum oot paittsp i 


elodw eld twetens+4 of ,tsHt | 
tjuq sw ,depyome ton e'tsdt II 


tsps xyow oF svad esens!l sot : 


DPYAWAL PSyvyso 


WP saat 


d sqiq sdt tens 


~JIMOYt Feesvinsends mo sol srt 


fri't 


CF 
Me 


SsiT :HEVOLTaZIMMeD aAHT % 
bedxrem ec hiuode 

even tI’ sTasvaS: .AM L 

tLe ,bsxorex 2 

mit sHavOIeeIMMOD AT : ge 

['? ,ffew :Tesyao 29M 

- t¢bnow I .moantdostuH 2eiM o4 elsnipito eAg : 
-fAgsip test eft todmemox oso sw agarlteg 

,AudersswlSe 23g a) ‘ 
Op woy 3snt ef atesdt ‘emsetiliw .1d bossexrsbar 


Yuov avioe 


endimos tetsw eft gote ot 





i 


Ws 


to 


a 


10850 
Clarkietorgenstern, Slusarchuk, 


Harlan, Hoekstra 
in Chier 


that you illustrated onfour last graph, that there is 
present inside the frozen soil, pulling forces that will 
attract water, that will make water migrate in, notwith- 
Standing that you have enough shutoff pressure to stop 
the water coming and migrating to the edge of the 
frost eoont. Now is that whatvhe “said? 

THE COMMISSIONER: Excuse me. 
I'm awfully sorry, would you repeat that? 1 == 

MR; GENE SLE No, re S not one 
of my written questions, Mr. == 

Q My understanding is that 
Dr. Williams' thesis is that he says that the existence 
of pulling “forces “inside the frost front that's’ caused 
by reason of water at lower temperatures than the 32- 
degree isotherm exert a very strong pulling force, and 
that notwithstanding that you are successful in stopping 
ice lensing at the edge of the frost front, water will 
migrate inside aia cause heave in that way. 
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BURNABY 2, &.C. Clark; Morgenstern, Slusarchuk 
Harlan, Hoekstra 
In Chief 
1 ' 7 
MR. GENEST: 0 What’ I am trying’ to cet 
2 || : 4 
| at iS the, as = understand it, vou define shutoff 
3 a . 
pressure as the shutoff pressure required to stop 
4 ; : 
the water in forming at the frost front. 
5 | a ; 
I A Yes, that ws’ correct. 
O Dr. Williams defines” the 
7 
| shutoff pressure as equal to the pulling forces in 
a a no heave situation. 
9 } . <7 
i A TiaiwhsS CORneCE. esr 
10 | , 
| Liat, 16 COLrrect. 
11} 
| @) And what do you say about 
12 | riy 
that? 1 What is your position as to whether the suction 
13. : 
| at the freezing front is the one that has to be 
14 | 
overcome and that once that is overcome no water 
57 : 
| can come in. 
16 |; , | 
| A Well) “1f you define’ the 
17 : i 
Sea wel, co Me, Le 1S. Very Clear. Tf we can ston the 
18 ; ie : : 
Wa-eo COMMNG Inco Che treezina Lront,.as we’ have” tone 
19 | , . 
then there is no water moving in beyond, hehind the 
20 ; or through the freezing front 
freezing front/from water outside the ground. There 
24), ‘ : 5 : 
may be some redistribution of water in hehind the 
22 ’ : ; 3 
freezina front with the water that is already there or 
gs oy lore - : : : 
| i ict eal Oa was In’'sitt, but’ —-** and this ‘we 
24 | anes 
ineecelatedsoO tne unirozer water concent that re’ back in 
eal 
1 Chere, Gr course. 
26 | 
O Well, do I uncerstand 
Oa ; ; ; 
ihat that migration then “cannot occur if there is 4 
28 | 
| slight amount of heave that's allowed? 
29 
A Mo, LE “don: & “tHiTik? that 
30 | " , 
| that is correct.’ You are talking now, you are asking 
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Harlan, Hoekstra 

In Chief 
about the miaqration of the water and the frozen 
soil andxbackyr— 

O IT am talking about 
migration of water from outside the frozen soil into 
the frozen soil. 

A Werl, if you apply our 
shutoff pressures, then our position, or my position 
or my belief is that you can't get water from the 
unfrozen soil into the frozen soil. 

THR COMMISSIONER: Well, 
can «LL Pace aigrack vatyichis. we thought twndernstood 
what Mr. Genest was driving at. 

Williams said that there is 
unfrozen water in situ, or whatever the expression 
is, that is within the frost bulb, assuming theoretically 
that you are working with a frost bulb and you gay , 
well, if we make sure that there is no migration of 
water into the frost bulb, if our shutoff pressure is 
suf fieient)to,linsure that; that) doesn’ t:.0occur, we,are 
Okay. 

A Right. 

Q Williams says you have | 
Overlooked the fact that there is within the frost 
bulb a quantity of water that is unfrozen even | 
though there are temperatures below freezing, he said | 
that is a phenonmenon that we are all familiar with -- | 

A Yese>— 

@) -- even though he didn't 
=~i he Said, that, there was no point in explaining it, 


no doubt thinking I wouldn't understand anyway, but in 


“ses0f 
- fedoxsaute , a 


satods | 
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Harlan, Hoekstra 
fry iGhief 


any event, he seemed to be saying that you had overlookeé 


Oy 


that and Mr. Genest is asking you now, as I understan 
ham, Lo vous. oe. Ene tde lensing at the frost 
front, what about the unfrozen water within the 

bulb, weak ocing to freeze, doesn't that create the 
magnification of the volume and the heaving and so 
FOrtheenaearen t.“you in Crouhle 7? 

A Well, the water behing 
the frost front will freeze and it can freeze if the 
temperaturesget lower and we account for all of that 
heave ne BeRnhitis that all that water expands, even 
the unfrozen water content. We know there is un-., 
frozen water mntent in there, but from a conservative 
point of view we don 't account for it. We know that 
means that we over predict the amount of heave ‘from 
PhateoOlnt OLeview, biti an tact we-account’for*rt 
by allowing, all" of” rt* to*expand’ 

O Well, would that he a 
point where Williams, if this is’ so,;"has mistindérstood 
the basis on which you have made your calculations? | 

A Leant nome sure chat there 
is that misunderstanding, sir, because in the transcript, 
between oursélves and Dr. Williams about how we 
treat the in situ water expanding versus the lensinc 


water, we seem to go round and round and that over 


‘ten or fifteen pages of transcripts and we end up, you 


may recall himaking me to explain it, or you asking 
me to explain it and I did and then Dr. Williams asked, 
"Well, how much heave are you going to get?", and I 


Said, Weare going to’ get’ a foot; "and he*says, "Exactly? 
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Harlan, Hoekstra 

In Chief 
that that is what he would get too. We don't seem to 
be in any disagreement there. 

THE! COMMISSIONER: “All right. 

MR. GENEST: 

Q Well, there's -- let me 
get at it'this way. There is heave associated with 


in situ water, first of all when it freezes, when you 








are putting the pipeline in and it is warm soil and 
there is water in it thasoil will freeze and will 
produce a certain amount of heave. 
‘ A Yes, sir. 

@) That WOU account BO (Un 
your predictions. 

A That is correct. 

QO Then after that process 





has occurred there is still present within the 


frozen soils some pockets of unfrozen water. 
A There is unfrozen water 
films around the soil particles and around the ice. 
Q Right, and there is also 
ice at different temperatures. 
A Ves), Sir. 
PA Q Am I correct in under- 


standing that there is migration along temperature 
gradients, that warm ice will flow towards, over 
‘time, towards cold ice? 


A Yes, Sir, the ice at 





the warm side will melt into the water film, transport 
by the water film and redeposit as ice at a lower 


temperature. 
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ek ia Gt Ld ie Clark, Morgenstern, Slusarchuk 
Harlan, Hoekstra 
inechiet 
QO And would that produce 




















some heave within the system? 

A it-can produce’ a small 
amount of additional heave if for example the 
location where the ice was at a lower temperature anc 
that, migrated. to.a. colder place and formed as a lens 
or any other ice deposit and a void was left where that 
ice once was. Now, from that point of view you 
could get some small additional heave in behind the 
frost front. They are governed by the rates of 
the water migration in the frozen soil. 

Q Bate yOu say that you. 
have accounted for that by assuming that every bit 
of water freezes. 

A We have accounted, 
we have accounted for every bit of the water freezino 
in situ, we have not actually accounted for that small 
Proce Le Die, of redistribution that might take place 
and where a void in the actual frozen; soil is left. 

(@) What is the amount of 
that heave? Is it significant in engineering terms? 

A Ommaneva eet hat. it - 3s 
nor. 

0 Well, to sum up then, 
do I take it that your fundamental disagreement with 
Dr. Williams as to the definition of the proper 
shutoff ae is that Williams derives his figures 
from a situation where no heave whatever is allowed. 

A Vesa Sur. 


0 Whereas your pipe allows 











ml - oe 
Smcehorg” Jane aay OAR: 
) ee 


ik 









Fi 
: ( 


fama @ soubomg nag oe eg oe? 
- 7 
how a rate ap 41 arnod tauwotsibbs te i ‘ 


: 
: | 1S IND eto gaSS sS¥ob a 96 ecw eck ste over noktssor 4 
a 
























mnet «¢ 26 SOND BAA Monte! szoblos oy exo hor jada” 
| aIaiw PAL 28 Glew hae Vieorab jest sels ots 20 1 
} Inv wet to saboq Get movd , woll ahwW 22900 SOL 


err rie th evaeah fatouttbhs ([fane smnoe sean Blyos 


1 SAP YO Banrtsvoo sis vert! .jno1? seox2 
LLne powers ets crt Tpim ta¢n0 age 
sian 
\ 
7 ad "ry 
- | 
ft Setimsas ya Jett +02 boas qyosms aved : 


.e89s5e1? Pedegw Bo 


reese vitaptss sor ‘ed ew ,udte me 


— ‘sl JOS Sed4 nedsteditteites to +e ef FFEl 


2 Mewort fearon eft ot Biov ns svenw Bas 
Hote ady 22 sea 

its¢ pHi weanthnas at tuealtiapts of 2 fovagd sat | 7 

ar ' teeter Ob wets "De A “; a es 


ton bes 


| 7 
ren?g co mye of 7 Liew. ce Ves 


Aes 


teqnTg Stk do” nottiadieh ote oe an amsiiiiw ‘aa Beka 


za1unNt? eid aavinwad. ait borg ae ha ad erseanss ssosad |, 
| ans 4 es 


| fitiw Jnemeapsag Latnonstiey® Auoy Sats +! sxe he aie a 


Sowolls aif tae Bete sik ba 







ube eo¥ a 
19% Gowan 


?wol ‘s 9050 Toby ater : @. 
a) me, ao jae mer 
! a ° ie os 


a 





10856 


AEE WEST REPORTING LTD. 


BURNABY 2, B.C. Clark, Morgenstern, Slusarchuk 

















Harlan, Hoekstra 


In Chief 
for heave. 
A That. 1 Sericheyesir. 
O And that the heave of 


pipe immediately and dramatically reduces the high 
pressures? 

A The potential for those 
high pressures, yes, sir. 

QO The potential for 
the high pressures. 

I am changing subjects, sir, 
is it convenient for coffee? 

THE COMMISSIONER: We will 


adjourn for coffee. 


(PROCEEDINGS ADJOURNED) 
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Clark, Morgenstern, Slusarchuk, 
Harlan, Hoekstra 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 

MRameGI BBS: nitietssbe fore tM. 
Genest changes ne subject, not intending to cross- 
examine, I wonder if I might ask Dr. Slusarchuk one or 
two questions about one of his slides? 
CROSS-EXAMINATION BY MR. GIBBS: 

Q Dre Slusarchuk,; I have in 
mind the diagram which shows the piston with the weight 
on at! 

A Yes sir. 

Q That's based onan assump- 
tion peteeie buthat Shere ric san cimfhinite . atiount sof-water 
that can be drawn in? 

A Yeo shabéiseecornrect.. Im our 
test we have an infinite supply of water available, and 
we view that as a worst case or a very conservative 
position with regard to the test results. | 

Q You took the most pessi- 


mistic view you could inmking those tests? 


A POSsumlSst MeO ecOnsSeieviac Inger 


yes. 
Q Yes) tandethat, that’ s+not 


likely to be the case throughout the whole length of 


the 800 miles of pipeline? 


A Neees whitiwon'tibe for the 


whole route. 


MR. GIBBS: Thank you, sir. 


DIRECT EXAMINATION BY MR. GENEST (CONTINUED) : 


O AVE dselviskessboOumove now tO 


val ep as 


or 
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Harlan, Hoekstra 








| In Chief 
| Dr. Hoekstra and on the subject of pulling forces that 
2 | were described by Dr. Williams, and perhaps, Dr. Hoekstra, 
3 I couldsretersvou and the Commissioner and my friends to: 
4] the transcript of Dr. Williams' examination at page 
5 | 10241 where I think we find a statement of his position, | 
2 at line 6, and perhaps I could read it, it's page 
1 10241, line 6 and I quote: 
5 "Now, up until fairly recently these pulling 
a forces, as I said, were believed to be effective | 
10] at the frost line, the boundary between the fro- 
a zen and unfrozen soils. That is where the 
12] temperature, 32 degrees Fahrenheit. But if the 
13, water occurs well into the frozen soil, as I 
i 
aa have shown, we are faced with a question of 
4 whether at the lower temperatures 30 degrees 
16 | Fahrenheit, 28, or whatever, within the frozen 
17 | layer, perhaps the water there is subjected to 
13 much greater pulling forces. Indeed it seems 
‘| to be quite definitely established that this 
eu, is the. case, 
| | 
" And in another diagram, the next one, please, and that | 
4: sir, was diagram part 6 which we will be dealing with, | 
Eu4 I —eone piece of frozen soil and on the | 
| lefeonand sidesor the piece of (frozen soil 
| I have listed some temperatures which would | 
=F | quite well exist in that piece of frozen soil, | 
eu it's a temperature gradient therefore, and on | 
28) the right-hand side I simply put the magnitude | 
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of the pulling forces which are associated with 


the water at the temperature corresponding. 
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In Chief 

Now the pulling forces are the forces that 
we're going to have to overcome by applying 
shutoff pressure if we are to completely stop 
the frost heave." 

Now I'd like you to comment on that, Dr. Hoekstra. 

WITNESS HOEKSTRA: PA Ra: 
direct evidence Dr. Williams has two arguments for 
the existence of pulling forces that are considerably 
higher than the one that Dr. Slusarchuk has measured 
in his test-site. One of those arguments is exveri- 
mental, and Dr. Slusarchuk has dealt with that. He said 
those pressures originate from measurement of constant 
volume tests and do not apply to tests that are run 
UGer constaic Load, which 1s the pipe, because the 
pipe Could pe atwowed to heat. So an this argument -- 

QO Could I interrupt you 
there? Your test that was referred to by Dr. Williams 
was a constant volume test. 

A ie Was ca COnstank volume 
test, and~it originated at very high pressures, but 
those are not the pressures that one would find in 
systems like a pipeline in which you allow some heave. 

Here on page 10241 we have 


a theoretical argument for the existence of very high 


pulling ‘forces, and this is where I like to address 


myself to. position is that the theoretical 
aequient ts not correct, and I*d like to use some 
illustrations to make my point. 


This LS dlagram 6 that was used 
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by Dr. Williams, and what we have here, the wa I_ under- 
stand it, is we have here a piece of frozen ground, and 


frozen ground is full of ice lenses. There is a temper- 


ature gradient in the frozen ground, at tts Ei ae an A 
ai Es at = 

i = 

28 degrees Fahrenheit. The temperature increases to 


the bottom but it's still below freezing. The temperature 


at the bottom is 31.9 degrees Fahrenheit, and here it 
Says: 

Phecent findings.” 

Now, corresponding to each temperature gradient is 
listed a pulling force, so at a very cold temperature 
there 15 a pulling force of 54,000 pounds per square 
SOO, thats at ais about 20 to 15) times higher than 
the pulling forces measured by Dr. Slusarchuk. Here 
ac ihe bettom there is a pulling force of 1,350 pounds 
per square foot, SO when the temperature increases, the 
pulling forces decreases. 

Now although not directly 
mentioned in his direct evidence, the equation from which 
these numbers are derived is a very classical equation 
ineehermodvynamics. [lt "s a very old equation, too, it’s 
not recent, and if we just go through the parameters 


that make up this particular equation, we see -- 


MR. GENEST: I'm sorry, Dr. 


Hoekstra. Just so the record will be clear, you have 


now put up a chart showing a thermodynamic equation. 
A ANG, tive chart No. 2. 
Q ABAPLE SS chart Mos . a. 

Sir, I wonder if ittwvouldn't be useful to ask the 


fepotters to copy that into the transcript at this 
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stage rather than have it as an exhibit? 
He COMMISSIONERS Will right, 


we'll pause a moment and you can do that. 


(CHART? l= “S= af ira Pice 


vast Pwater 





S= Suction; R= Gas constant; T= Temperature; 
V= Volume of 18 gr. of water 
Pice = vapor pressure of ice 
Pwater = vapor pressure of water) 
MR. GENEST : All right. 
A So that just goes throug 
Cheorn 
THE COMMESSIONER: This formula 
is the constant phenomenon of water being drawn to the 


feost\fronk,+is thatywxright? 


A No, 

e) Remaining unfrozen in 
frozen soil? 

A Nowsoisz.9 thas Germuta, if 
you use these temperatures in that formula you arrive 


7 


at those particular pressures, so I'll deal with th 


oy 
O 
WY) 
(D 


questions. 


z MRe GENES®&:. Oj Youtr 


(D 
Y) 
ie) 


thates howe-— that's the formula used by Dr. Williams 


Pieacriving dt. those figures onehas chart. 67? 


A That vis \cOrrece. 
Q The pulling force, figures: 
A Right. 


THE COMMISSIONER: The..pressure 


increases as the temperature decreases. 
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A Paat vse COmreECt. 

Q THUSecOrmMuULa. accounts for 
ehac. 

A This formula was 


used in arriving at those particular pressures. 

Q Ala era oni. 

A ANGMSDL. Williams *claims 
that those are the pulling forces that the frozen ground 
exerts crea in the unfrozen ground. He states that 
tose are the pulling forces you will have to overcome 
in order to stop the water flow from unfrozen to frozen 
ground. 

QO Onk. 

A Son would just dike. to 
go through the parameters of this equation, so we have 
WHeoumesietiOn or the pulling force, ands"R""is constant, 
"T" is the temperature, 28 degrees that will be, 31 
will be another temperature, we have the volume of 
18 gram of water, that's this VW, and then we have 
the vapor pressure of ice and the vapor pressure of 
water. Those are the parameters that go into the 
particular equation. 

- MR. GENEST: Q What does "lin" 
Stand for? 

A JS Ga i the Logarithim the 
Raturalewater logarithim, 

Now at the zero degree isotherm 
tiace eh 32 degree Fahrenheit pethesvapor pressure of 
ice and the vapor pressure of water are both equal, 


SOuenersuction force goes’ to zero. Ill go back again 
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| to diagram 6 that was used by Dr. Williams. Now this 
| 
} @quation can be applied wherever water and ice co- 
3 | 
| exist, where they're both present. There is unfrozen 
\ 
A| saat 
' water in the frozen ground; there is ice there, so I 
\t 
5 || ; ; ; 
| can apply the equation at this point where I get 
6 | 
94,000" p0unds per square foot. I can apply it at this 
cM 
ie Pommcewowen 1 get 1,350 pounds, per) square \foothSo' as 
9 | 
; long as ice and water oo-exist, this equation, I have 
9 | 
pee Wot of. dimitationsimyself, but) (that"s\how we use it. 
10 | 
} Q Dr YHodkstrayvd ‘imisorry, 
7 can I interrupt you? That formula that you showed 
12 | 
| expresses! ‘a claw’ of thermodynamics , does. it? 
13 | 
1 A Tiosratveny: old. classical 
14 | 
} equation in thermodynamics, when two phases, water and 
LS . . 
UCC CO-eCXIS IE. 
16 | 
f Q And does it express the 
17] 
tendency of temperatures -- of substances at different 
18 | 
| temperatures to try and equalize? Or am I wrong there? 
19 | 
] A Well, I'll come to that. 
20.) 
f O Perhaps you could come 
21 | 
|) tottthetatlater. 
224 
| A Mest O7”. Kiyo iso) now: si 
Zs . 
| Chink Vd ike toltcomehto: thes point ofithowidl. thinkwpr. 
24 Hl 
| Williams used that equation. This is this chart No. 2. 
2a) 
| Souhere ati the bottom=- 
26H ho 
H THE COMMISSIONER: This is 
2a" 
| Williams chart 2? 
28 | 
A Noy. thist.s my «hast ; 
29 | 
| andi#thisi lis ,.2 think, how he used it. Here we have this 
30 | 
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: frozen ground, there is the freezing front,’ and over 

“| there we have the unfrozen ground, and so we have ice 

“| lenses in the frozen ground. Here the temperature is 

4] low close to the freezing front, the temperature is 

>| very close to 32 degrees Fahrenheit, or zero degrees 

e| Centigrade. 

| Oh. pircOmebe We user Phat 

dl equation at this point where it's cold, we get those 

| very high puiling forces 54,000 pounds Perysouare: fO0t. 
a We can apply the same equation right at the freezing 

cs front, because also there ice and a little bit of 

| 

“| frozen water co-exist, so there we would get a very 
va small value. How small? Thermodynamics cannot 

at tell you because we don't know what the temperature 

| right at the point is, where ice first forms. So if 
a we have no load on the frozen ground, this small pulling 
| force,this intercept will _be. this Suction by the 
= frozen ground on the water into the unfrozen ground: 
=i | Now the question is what 
ae load do I have to apply in order to SULOD  thas“flow: right 
eT | at-that point? I want to only stop the water from the 
ms 
<< unfrozen ground going into the frozen ground. It seems 
ey to me quite aihepaas that the only load that I have to 
a apply 1S to7-= is the load necessary to put this curve 
ac | 
i through the intercept. In no way do I have to apply 

Pou 
ei: this enormous load because this equation not only ayplie¢ 
si here where I get this large load, also righteat. phe 
~ | freezing front, so that the load I have to apply to 

29 | 

| make this curve go to zero is right here at the freezina 
30 | 


Teen | Pronty)) Comic. that pressure, 
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THE COMMISSIONER: 
@) WotanicmsSecemliais Understand 


you at this point. You say that the shutoff pressure 
that you have to apply need only be sufficient to 
cope with the pressure that is exerted by the freezinc 
front on the unfrozen water and that where you have 
the lower temperatures deep within the frost bulb 
it is not necessary to have a shutoff pressure that 
would cope with that pressure, is that the point? 

A Theat eus.n conmmect wbecause 
Eis l think 1S cuite a diftficwildy poanh: todinderstane , 
but it is just that what determines suction if you 
have frozen ground where ice is present is only the 
temperature. There is no way in which this suction 
force is transmitted to that point, because the 


equation avplies wherever ice and unfrozen water 


co-exist together. Temperature determines the 
Suction. 

Q So that force or tendency 
exists.within -- deep within the frost bulb, but it 


isn't exerted on any unfrozen water? 

A Tiiatens correct: 

O Because the unfrozen 
water lies beyond the frost -- 

A The unfrozen water co- 


exists throughout the frozen ground. We only have 


* to deal iwiths,.1& at<that -point. 


Q Yes. 
A Now -- 
MR. GENEST: Excuse me, if 


Tcould just hook, onwtor Mr .Commissioner,) he said that | 
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Harlan, Hoekstra 
In Chief 
: the pulling forces inside the freezing soil do not 
- affect unfrozen water and my understanding was that 
3 it affected eeoren water or other ice within the 
4 Frozen. .so1iy = 
5 THE COMMISSIONFR: Well, that 
6 | is what I was coming to. 
7 A Yeo vr ridit. 
8 MR. GENEST: What we are 
9 talking about is the attraction of water from outside. 
10 A What those suctions are 
11 doing is they will cause | redistribution of ice 
12 | Within the frozen ground, in other words, this ice 
on lens may very slowly with time move and land up 
14 here, so we are redistributing ice. 
15 THE COMMISSIONER: Rut you 
16/ are not -- 
17 A BUtet cle noesoult ing «in 
18 unfrozen water from the unfrozen ground. 
19 0 Right, but Dr. Slusar - 
29 chuke dealt with “this4a minute ‘ago, but are you saying 
21 you are not converting unfrozen water within 
ee Enea cose oultimetoOr tee or that ithe amount that you are 
23 CONVErEING 1S) INsigniticane as, Dn. Slusarchuk said? 
e4 A So unfrozen water in 
aa unfrozen ground only depends on temperature, so that 
26 the only instant when I change unfrozen water to ice is 
ay, hel Atco ompot cular point, 1 lowergthe temperature 
28 | at. that point, so. when the frost bulb moves further inta 
29 | the ground and the temperature at a particular point 
Rte gets higher, then some of that unfrozen water will forr 
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ice. 
O The temperature gets 
lower. 
A Lower, richt, but some 











of that unfrozen water freezes and becomes ice. 

O Yes. 

A Now, to give you an 
idea of the magnitude, if we take, deal with a 
silt soil, you know, soils that will be common alonc 
ene route, the unfrozen water content at -2° will 
be .0 gram per cubic centineter, and that will expand 
to ,032 gram .per cubic centimeter,..so it is an extremely 
small amount. 

O And that is the water 
that Dr. Sliusarchuk said is film around certain 


particles of soil, around the ice lenses -- 


A that elsecorreen. 

O == within the frost 
bulb. 

A Raghie 

QO ae LoS Insane ficant,, 


he says, from the point of view of frost heave. 

A From the point of view 
GQrecrosteanecave,atromro Lot of octher points if is a 
very important thing. 

So, now, I have used this 
SquataOnw a CO tt with aglot of limitations. 7. 
MOuUtdel tke sto point: thateout toc. sHere again I put 


on the chart number one which shows the equation, becausé¢ 


if we go again and look at the parameters in this | 
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equation you see there ate soil parameter in this 
equation at all. There is temperature, there is vapor 
pressure of ice there is vapor pressure of water. 
Nowhere do I see a soil parameter in this system, S° 
this equation also tells me that for each soil 
type would exert the same pulling forcesthat gravels, 
as well as clays, would have enormous pulling forces 
Gumcne. water’ in the’tnfrozen grotind. ~So-I° think to 
some extent this whole controversy can be settled 
very simply by providing a barrel of gravel anda 
pail of water and producing heave in that system. It 
Just won't work because we know by ohservation that 
some soils heave and others do not. Thermodynamics 
Ganno @eaccounts Or ‘that particular ‘situation. 

Okay, so now we have come to 
the spomnt,’ Vethink that “from -thermodynamics 
we cannot calculate the suction forces exerted by the 
frozen ground on the water in the unfrozen ground. 
Now, frost heaving has been studied for decades by 
many scientists in many different countries and I 
would like just to -- and one of the scientists that 
has studied extensively frost heaving is Dr. Ducker 
who is Swiss and he wrote a textbook on frost heaving 
called " Der Frost Im Bargund'" and it is published 
by Springer Verlag in Vienna. 

MR. GENEST: I think we had 
better spell that, Dr. Hoekstra. | 

A mer Lsvnotetransilated, 1t 
is called "Freezing in Construction Sonics. 


THE COMMISSIONER: Excuse me, 


Morgenstern, Slusarchuk 
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1 Mr. Templeton and Dr. Adam, if you and your colleague 
2 want to take a seat closer to the front where you can 
3 see this thing, you. are certainly welcome to do so. 
4 MR. GENEST: We will get 
5 copies made and distributed over lunch hour. 
6 | A Courtine: charimes directly 
7| taken from that particular textbook and in this 
8 graph Dr. Ducker summarizes twenty decades of 
9 research in Scandinavia, in Germany, in Switzerland 
10 and in Holland and what he plots here is permiability 
ll : the ; 
of water in/unfrozen soil, the saturated soils and 
12) the permiabilities.So clay soils would be over here, 
13 Sal tesoilc lin this area and =. there wouldsbe sand 
14 soils, and here he plots the pulling forces exerted 
15 by the frozen ground on eee in the unfrozen ground 
16 ancrarmleathis data. that -are on ‘this graph are. the 
1? summary of many scientists. 
18 @ You said twenty 
19 decades, did you mean two? Twenty years or 200 
20 years? 
21 A Well, you know, we could 
22 Start, -— whether we start. in 1850 or so,, Iu.don't know 
2 how "~~ , 
ee Oar B50 uee 
a A That’ =Jabout.—= and 
26 | ‘what you see here, that is, over all those years, 
mes no one has ever measured a suction greater than 
aon 1,000 centimeters of water and that corresponds 
ae | to about 2,000 pounds per souare foot, and those are 
_s just the pressures in the same ballpark as Dr. 














ar | 
te ate tegen 


. 










Yi a o. 

Lan Toa 

Bey th nabs se wa am 

gio Loy G1eiw anes et 402 wagly Aked ck at 

- | | * 
am | aso law, — wit) Cay PAA 

























sifeo suey ibe 





7 7 
; ‘mar yo a ‘ W a . it AD 
.zeed Heveedl f 3e"'o badudiuse ih tiie obec eetqoo 
| wigeesib ei syede es it oF . ee » € i 


Bre MAGES why 4 Te lwo tere, (sf mor? netst 
) Fobedel ‘dowd’ SAekoemmne) THN 4G iqese | 
sqaltessiwath 4 9eeattan rie io longd Th9@ of Motas2es | 
w7i! + at oaracd sctelo ef gay. one bist Lon ni bas iM 


‘Utes af idem ndsor tow nb tedswIe 


, P r — if , 
bois. vn lh ne, esrd tt idsemieg ens ea 


y 31) BAB Bees eri.) 14 #itos sie 
? 34 MV | AE Soe eS role ’ pe! Sis yaltoe en | 
ti ae sun ae Tern nesort- eat yd. F 
rr al 
16 SoM eond abt’ is hne 
stepgsted vote 2c years | 
i : - 
j fz = at ? ; ; - ) 


_ 


; : NU eae sa bt! aI veobeneb « ij 
; | 
oe 


Pr j i, Ji 4 he L mit J26.Ts ey ny curt chet © —o pene | 
> an 



















=— WOT 
, fai 
. - DEL A _ 
7 7 
alg suods..a* sant wv ai i 7 


7 nat 
ath SY arottd fis. squad 4, et se8T ipa nee wes 
; | nate Ae2ne ro netitoon t Rath 26 


FAYOGAs2 x00 ted? bai Tate tp. 28. 


‘Wome . 





. » i Bae xxmenh be 


—_) {4 


: he 





ALLWEST REPORTING LTD. : 10870 


ho 


ZY 


30 











BURNABY 2, B.C. Clark, Morgenstern, Slusarchuk 


Harlan, Hoekstra 

Ly Cit er 
Slusarchuk has measured in his tests in Calgary and 
in his laboratory tests. 

Also, myself, I have been 
involved in measuring suction forces. When you allow 
a soil to heave, it is not a constant volume 
test but allow heaving. I don't believe that I 
have ever measured suctions greater than a half 


atmosphere. 


@) What is that? What is a 
half atmosphere? 

A An atmosphere would he 
1,000 pounds per square foot. I think I have visited 


many research laboratories, in many different countries. 


I have never met a scientist that would believe, 
[estaink, that "the pulling, forces off the frozen ‘ground, 
on the water in the unfrozen ground is anywhere near 
54,000 pounds per square foot and I neither co I think 
that anyone has ever measured such enormous pulling 
forces, 

Tht ‘COMMISSIONER: ~“Do you 
say that no one has ever measured a pulling force 
greater than 1,000 pounds per square foot? 

; A You saw here on the 
chart that I showed you that the largest pulling 
force measured was -- corresponds to about 2,000 
pounds per souare foot. 

QO And you, yourself have 
never measured more than 1,000. 
A Than 1,900 pounds 


per square foot, but that's, you know, that was on one 
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or two SOlls, Som midntienove have that racght soil 
type. 

MR. GENE STs: 

QO Se@,d0 1 takeurerthen, 
Dr. Hoekstra that you fundamentally disagree with 
Williams' thesis that these pulling forces in a 
Situation which we are going to be faced with,with 
this pipeline, are going to draw in water, unfrozen 
water from outside the frozen soil if the shutoff 
pressure necessary to prevent water coming in at 
the freezing front iS applied? 

A Yes, I believe those 
pressures are of the order of magnitude measured 
byeener tests 107 (Dr. Slusarchuk’. 

QO And i1ftthat shutoff 
pressure proposed by Dr. Slusarchuk is anplied, you 
take the position that you will not have migration of 
unfrozen water from outside the freezing soil into 
the freezing soil. 

A Dict SGuerioucy cou wild 
stop water flowing from the unfrozen into the 
EEO Zengorounvdeem LOU wi Lanot Stop redistribution, of 


ice in the frozen ground. 
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Q As to the redistribution 
Drself; <i don't know if that was clear or not, what is 
the engineering significance of the heave associated 
with the redistribution within the frozen goil? 


A Well, Lothink Dr.vHarlan 








is going to deal with that, but my position on that 
is that you rob Peter to pay Paul, in other words you take 
MICE te: aed ee \ i 
/ away from one ice lens and put it on another place. 


W 





4 1. ‘Dx s Harlan, you're next 


“THE COMMISSIONER: Excuse me, 


| 
| 
on my list anyway. eee we “a | 
so there is no heave? 


ewe TD don Vel think’so; 


MR. GENEST: Q Dr. Harlan, can | 
Tsturn vou to that subject? Well, perhaps I'd better | 








let you go at it the way you were going to comment on 


hydraulic conductivity which was mentioned by Dr. 
Williams, and perhaps to set the stage, u Should read 
‘from the beanedripe at ‘page’ 1036 P} which \ig'an excerpt 
of the transcript when Dr. Williams is being cross- 


1 i] 


examined by Mr. Marshall.: 





"Getting to thegoodne st was about’ to raise, as I 
recollect it, was during Mer’, Hollingworth 's 
cross-examination, that you aiecnaeed rates at 
which water can move in frozen soil. You were 
asked a question about that and you made a 


reference to some research that had been done | 


including some done by Dr. Harlan. If I under- 





stand the issue,*sir, it's a question of the time 


4 


: over which this is occurring. My understanding 
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in rChi et 
is that the time scale is such that having 
regard tCoOethusceproject, It's really Gi no 
engineering consequence .. That is the rate 
of migration of water through the frozen 
soil is so slow, given the time scale that 
Toure concerned with here, this doesn't create 
a significant problem." 
Answer: 
"I don't agree. The values we have mentioned 
for- hydraulic conductivity, they vary from 
SOtl tO "SOu, DUrylLOOring at, my Own graph you 
‘:see values -- of course, it depends on poner 
ature, but ten to the minus seven, ten to the 
minus nine, these are not terribly small 
permeabilities." 
id Iie oi Goalie Phat, aie, anth chan Tt! 1 
ask you something about the rate of migration and what 
we were discussing about the significance on heave 
CfeLrediseribubion,, within frozen soils’. 

WITNESS HARLAN: O.K. The 
available evidence which we have and which is available 
from experimental ebservation and’ from the literature 
indicates that the hydraulic conductivity of frozen 
materials is extremely small. It can also be shown to 
d@crease with’ temperakure and ain ineraase in ice 
Geouventia.wetn face, 1 Vou, oOkeenrougn the literature 
there are very few direct quantitative measurements 
Otecaees Of Mass sEranspoct sin f£rozenisoirls. —.For”’this 
reason, Northern Engineering, specifically myself, 


has given considerable effort to calculating the 
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1 effective hydraulic conductivities in frozen soil 


LN] 


systems with time, based upon known thermal conditions 
3} and soil conditions. 
2) The first slide, if I may have 


| that, please. 

















piece of soil, you can move water within the soil. 


6 | OnattheswGarst, slide.t..show a 
7 nimber, of. things. -.isi it, focused? 
3 | Q fide Seaicits waa). 1 tt Le. bat | 
9 fuzzy to me. | 
10 A How's that? | 
a QO NS DE Mats Me hgh m | 
12) A What I have shown on this 
13 Slide is the hydraulic conductivity for frozen materials 
14 | manging.t Gomi x LOO athe, minus,.13:,. to-l «x 10. to the 
15 zero centimeters per second. 
16 | Q TL MASOGILY. mp iAOCLEOr ,. can: We 
17 | start at square one? What are we talking sear when 
18 we're talking Beir: hydraulic conductivity? 
19) . A Hydraulic conductivity 
29 isin effect the vability of a soil to,'transmit water. 
21 OK ayer yOu apply like, a-pressure gradient. across a | 
| 
| 





29 

| The mobility of that water is given by the hydraulic 

24 | eonductivity. 

25 | Q And can you also move | 
26 | water through soils by temperature gradients? | 
a | A Ves iusyou ican. There are 
ce a numer of things that can initiate water movem at. 

oa Q Right. 

30 | aes Temperature gradient being 
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one, an osmodic difference, difference in salt concentra- 


tions. is.anogner, | ,0.K.,.looking from observed changes 
in water content under known thermal conditions, we 
have calculated an effective hydraulic conductivity 
for both field and laboratory observations. The results 
of these calculations are indicated by the open 
circles, and they tend to fall in this range. 

Q The circles -- from here 

oy 
they're dots. 
y A OO. Kegs There, Ss. probably 

too much information on this. We can make xeroxes of 
the view graph. O.K., these are plotted as a function 
of temperature where there's minus 10 degrees at the 
top, and a very small temperature, a sub-freezing 
tCemperaturecd=—4 

Q On the right-hand side 
the temperatures are in degrees centigrade? 

| A Degrees centigrade. 
Q And the horizontal line 


is the hydraulic conductivity expressed in centimeters 


per second. 


A Yes. 
Q Is, that,speed, is that the 

speed at which it moves? 

A LeGsagaiven as the 
velocity, yea” 

Q As velocity. 
~~ A Yes. 

Q Auavonsthe: Left side? 

A On the left side is given 
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: what is soils physics terminology, as the water potential. 
a It's equivalent to the suction force. 

: | MR. GIBBS: What's the temperaturs 
F | range again? 

| A It's one-ten thousandths -+ 
‘ | it's minus 1/10,000ths of a degree,toward the centre is 
"| minus .01, minus 1 degree, and minus 10 degrees. 

a MR. GENEST: Q So these go up 

. in orders of magnitude. 

a m A They go up in orders of 

4 Magnitude. O.K., I've also shown on the same graph 
aa the data points measured by Peter Williams and by his 
13 student, Timothy Burt, and these are indicated by 

| the solid circles, points such as these. O.K., these 
| were measured in the laboratory on artificial soil. 
BY O.K., they're shown both as a function of temperature 
= and an equivalent suction. 
ot ihe third point that is show 

ai is enegh yds conductivity for unsaturated non- 
i frozen soils. O.K., these are obtained from the litera- 
= ture, and the significant point is here, is the calc 

ee 


ted values, the observed values, and the values for 
23 ‘ 
hydraulic conductivity of unsaturated materials are 


| Of the same order, very similar. 
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Harlan, Hoekstra 
Ene Chief 
1 Of particular: significance is | 
4] the rate at which it decreases. At very low temperatures, 
3 | minus 1/100 of a degree and below we decrease in 
4 conductivity, many orders of magnitude. | 
: a re ve It is getting colder there) 
| as we go up? : oe | 
7 , ee. As we are going up, yes. 
© | : i i $0 the point that I would 
9 like to re-emphasize is in frozen materials, once | 
10 you get away from the zero degree isotherm, into | 
11 the frozen zone, there is a very drastic decrease in 
le the hydraulic conductivity. 
13 : : Q And that means in layman's. 
14 terms what? That’ the water moves dramatically more | 
15 slowly? 
16 A Yes. 
1? Q As’ your temperature 
18 goes down? 
19 ; A Yes. 
20 In other words, if we have 
21 ahecOnstantvenecraqy cradient or: pressureudifference, then 
22 as the temperature goes down, the rates of water 
23 migration decrease by orders of magnitude. 
as MR. GIRBS: Mr. Commissioner, | 
‘ah I am still somewhat confused by this. I wonder if 
26 | ‘the witness could trace one of his curves and tell me 
ih what is happening as the temperature decreases. 
me A Okay, maybe I could, as 
Be Dr. Hoekstra mentioned, there is a relationshinv 
SRE: between temperature and the suction forces. 
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i See. Clark, Morgenstern, Slusarchuk 
Harlan, Hoekstra 
In Chief 
: Okay, at cold temperatures 
\) : 

4 we have very strong suction forces developing. Dr. 

2 Hoekstra alluded to -- 

2 WITNESS HOEKSTRA: 

5 

A Could I- -- 

6 WITNESS HARLAN: 

a Pll Vex 

A WITNESS HOEKSTRA: 

: ; A In other words when you 
a lower the temperature, you lower the amount from 
frozen water, very close to the freezing front, say, 

> | ; , ‘ 
ay you might. havevaetaim thickness of say 10 to the minus 

| 
Pct seventh and you lower the temperature, it immediately 
_ it falls off very steeply. A water movement would heve ~s 
ae /flow to that film. a 

| so the smallervsale test the lower the permeability, 
sy so when you lower the temperature it almost comes 
‘sa down exponentially, or it does go down exponentially. 
Pe ; THE COMMISSIONER:+° Excuse me. 
19 This suction, at least the pulling force increases 
* as the temperature goes down, but the permeability of 
oe the ground lessens so they tend to counteract 
ee 

each other. 

23 

| : WITNESS HARLAN: 
aan oN ‘No, they are both in 
25 | 

| the same direction. 
26 

WITNESS HOEKSTRA: 
a | ; 

A Well, depending on if 

28 | : 

i One goes down faster than the other. It turns I think 
29 {| j ; 

| that the permeability coes down a lot faster than 
30 | 





————— the suction forces, because here we are not dealing 
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with suction forces. We are only dealing with permea- 


i 
2 bility. 











: r? THE COMMISSIONER: Oh, I | 
4 understand that. | 
5 A Okay, yes, it is a | 
. product of the two. | | 
7 Q I take it that the 
8 point you are driving at here is that Williams has : 
9 not taken into account the extent to which permeability | 
10 decreases as the temperature decreases and i 

11 Dr. Hoekstra Says it actually decreases faster and 

12 is a‘more important factor than the increase im the 

13 pulling forces owing to the decrease in the temperature, 

14.] | | A. Ves. | 

15 Q Am I summarizing fairly 

16 the point that you people are driving at here? 

17 WITNESS HARLAN: 

18 A Not really, in that 

19 we are .in fact using. Dr. Williams’ data in this 

20 area. 

21 0 Well, leaving aside his 

22 data, the way in which I have expressed this whole 

a3 thing, is that doing rough justice to it or not? 

ds A I think it will probably 
7 become clearer aS we go on. 

26 | THE COMMISSIONER: All right. 

“ak ' MR. GIBBS: I ain 

28 still confused; about these curves. As the temperature 

a4 | gets colder the permeability stays the same, is that 

30] right, upetosapeuesone third of the way up -yout chart -- 
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pine toaes Saeeaeyery ae if Clark, Morgenstern, Slusarchuk 
BURNABY 2, 8.C. 
Harlan, Hoekstra 
In Chief 
1 end: 
A vee, this is 
é: 
@) Bn at. that point at 
3 . 
starts, the permeability starts to decrease as the 
4 
curve curves over to the left? 
5 | | 
A Enar 1S correct. 
6 digs ae 
This is at a temperature Of 
vi , 
minus 1/100 of a degree Centigrade, so in effect the 
3 : ; 
temperature is very close to 0°Centigrade. Okay, so 
9 ‘ ; 
it does not take much of a freezing point depression 
10 


before the hydraulic conductivity is reduced many 


ll ; , 


orders of magnitude-- 


a MR. GENEST: Well, that is 
. the point that I wanted to make. As the curves 
a7 flatten and move towards the left, the hydraulic 
2 conductivity is reducing in orders of magnitude. It 
ee is not just -~)1imay be a little misled by, the slope 
a of those curves because I can't read the bottom -- 
i I read it sometime yesterday and I foraot -- 
a? A Yeo, well, this. is 
ze going from ten to zero -- 
* Q Let's take your first 
ai Be on the%’rights That is going -- it starts -- what | 
a is the number on the bottom there? 
a A Ten to the minus one. 
c 0 Right, and would you 
a ‘trace its progress? | 
Zi ‘ A Okay. At minus 1/10,0C0th 
al of a degree it is essentially unchanged. As we move | 
2 up to minus 1/100th of a degree Centiaqrade we have 
an | decreased to almost 1074centimeters, So there is a 
| two order magnitude of decrease over that rance. 
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in. Chief 
7 If we move up to minus 1 degree, 
2 | centigrade, we're talking 1 x 10 to the minus 7, so that 
3| again there's a three order of magnitude. O.K:, as 
4 | you progress to colder temperatures, there is an even 
5 | greater degree in hydraulic conductivity. 
6 | MR. GIBBS: Can I come in here 
a once’ more, sir, please? Do I take it from that that 
8 on, where you have the pulling force on the left, as 
9 the temperature decreases and the permeability decreases, 
10 at the same time the pulling forces increase, but in 
11 your upper left-hand corner is where they cancel each 
12 other out, as Dr. Hoekstra spoke. Is that the indication 
13] from’ that? 
14 A I'm not sure I quite 
15 understand your question. 
16 | ; MR. GENEST: Well, maybe I can 
17 help, doctor, because I'm -- Lim surtering fro: 
18 the same Boule as the Commissioner and Mr. Gibbs is. 
19 . Q What do you establish 
20 here, and maybe that's all you want to do right now, 
21 is that astemperature decreases conductivity decreases 
dramatically. 
23 | ; A Yes, this is the point 
24) we want to establish at this point. 
a Lae Q Well, that's just the 
26 | point, because I think what is concerning us all is 
ae what meaning does that have in connection with the 
a forc_es that Dr. Williams has described as having 
a significant effect on heave. Are you going to come 
2G haat or -- 





A Yes we aE TC. 
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In Chief 
A 

Q In due course. 
" — So we should all be quiet 
; and listen to you, and then ask the question again if 
ie it hasn't been explained. 
>| A Right. 
7 As is expressed here, there's 
| nothing to suggest rates of movement other than this 
, is the potential MOD ula ey of water if you are given 
~ a gradient.* If there is no temperature gradient | 
e across tHe sample, then we would not initiate movement. 
eet Q Could. 2. have that agains: || 
i A Ovkey whee this igraph 
ay "shows 1S the relationship between hydraulic conductivity 
| and temperature. 
no . Q Right. 
16 H 
sa A There is nothing in this 
graph itself to.suggest rates of movement. 
eI Q Rie erone, i*miwith you. 
i You may proceed. 
an A O.K., in general we can 
oe say areagans hydraulic conductivity a: a frozen soil 
_ is determined by the thickness of the unfrozen film. 
24, We can see from this that. as¢ the thickness of the £140 
oes decreases, O.K., as temperatures become colder, the 
ol hydraulic conductivity decreases significantly. It's 
27 also dependent to some degree on the surface area of 

| 


the soil. I should have added, these figures are for 


toh 4 


fine-grained soils, being silts and clays. 


Q The worst soils from a -- 
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A From a frost-heaving point 
of view. If we're dealing with gravels, the curves 
become way to this side, they are much, much smaller. 
So this is in effect a worst casSe situation. 

The third thing, when you're 
dealing with real soils the hydraulic conductivity is 
also dependent upon the torch velocity(?)the path in 
which flow must follow, as well as the continuity of 
the film. I think this point will become clear in 
Bhesnextuseveral .slides. 

O.K., aS a visual demonstration 
of frost-heaving phenomenon, Dr. Williams cited an 
example from a paper by Dr. Hoekstra, and on page 516 
of this paper, the following statement is found: 

"The rate of flow depends upon the temperature 
and surface area of the soil, and the continuity 
of films through the frozen soil matrix. 7 
lenses will disrupt the continuity and will 
block water migration." 

Q It creates a maze, is 
that what you're saying, and it's harder to get around 
the maze? 

A Leeteeectriie, an ice lens, 
then the water must migrate also around that ice lens. 
So it has an effect on reducing the effective hydrauli« 
conductivity. There is photographic evidence of this 
available in Hoekstra's paper. May I have the next 


slide, please? 


This is the example in which 


DeeWieians used. Lt involved a soil colum, a:freezing 
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Clark, Morgenstern, Slusarchuk, 
Harlan, Hoekstra 


In Chief 
plate which is given here -- 
Q At the bottom. | 
| A == late the “bottoms 
Q And that was Dr. Williams' 
chart what? i 
A Well, he presented one 


slide. 
One slide, all ei ohne 
Ay. Mais Tae Gideorent set of | 
photographsy+but of the same experiments. 


Shown here the freezing front 


is in this area. There is a slight color change. There 


is an ice lens forming at or very close to that freezing 
front. There is also an ice lens visible behind this 
freezing front. If you go through time -- may I have 
ENepuex cide, please 5 weanote that the ice lenses 
closest to the freezing front increases in size, but 


the one behind the freezing front does not. 


Q Maybe I may just clear it 
up aye where is the warmer -- where is the temperature 
more high? 

A This is the cold plate 
at the bottom. 

Q At the bottom, so that its 

, warmer nearer the top. 
A Yes. 
Q All right, and the freez- 


ing front is at the broken line. 


A The freezing front is 


advancing upwards. 


ALL WE 
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Clerics Morgesstern, Slusarchuk, 

Harlan, Hoekstra 

In Chief 

Q What you're saying is 
that the growth of the lens in the middle of the picture | 
appears towards ane topy but. not towards the bottom. 

A Thats Ss correct. 

Q All right. 

A In the lens closest Po aree 
the freezing front, as the lens closest to the freezing 
front continues to grow, but the lens behind that 


freezing front does not. This point will be more 


clear in,the third slide. 





4 ae > me ot 
ax pf re eT, A 
are wart Pay tO A 
ating ook al 


re 








Tie! 
~ 

rp 
7 


ce 






i Fi . ; ; i ‘i : r c 2 
+ age i aq+ 3c ofp. Se depieiol. aa Atwosp Sa 


: ' xs 
a gid shoal f son's god Hal Basewos 
: J , ; 
7. , 
q ‘4 

wt | 
. eAtewos 3 

¥ | 

art , . — y ve 493 eer) ar 


> adel oth’ — tt roe) Sepik i: anon 

| if ae a i . tome paob oi watnesie eh 
| 

ixty wtih pans Ca 
; 


wd 7 iv - wa 


10886 




















A The lens is an imperme- 


ALLWEST REPORTING L-TD. ‘ Clark, Morgenstern, Slusarchuk 
RED ara) meee Se: Harlan, Hoekstra 
In Chief 

1 This lens is essentially 

é the same size whereas this one has grown very signif- 

3 TCantl ys coomcits provides visual evidence of the 

4 effectiveness of ice lensing in reducing the 

° hydraulic conductivity of frozen materials. 

“f Okay, this point was not 

7 taken into account in Dr. Williams' evidence. 

8 MR. GIBBS: How does it 

3 show that? 

10 MR. GENEST: By looking at 
11] the bottdém of the ice lens. 
12 A It may be worthwhile 
13 to back up and go through the sequence again. 
a WITNESS HOEKSTRA: 
15 A Here is the cold plate, 
16 | right? This is the warm plate, it is plus five dear 
1? here. Here where you have the colour change is the 
18 freezing front,’so there is no question that this 
19 ice lens as we go through sequences grows inside, 
20 so there iS movement in the frozen ground. But the 
21 point I think that we want to make is that this 
ae ice lens blocks waterflow to that one so that the 
23 ice lens is Like a metal plate, nothing can go through 
ea it because water cannot flow through ice. Water 
ae Can only flow through unfrozen film --- so can 
26 “we go to the next slide -- 
oY MR. GIBBS: The lens 
2 creates an impermeable barrier. 

2 

| 


able barrier and if you have just this unfrozen ground 
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se 8) ia aa Harland, Hoekstra 
In Chief 
1] with ice lenses in there, its permeability will do 
2 | Lowriich, andsthet 6s whak you se6 1b as¢here. Here 
5 feeezing frontwaceherc. his one grows*in the frozen 
4 ground, this one water movement to it is blocked by 
| that ice lens, it does not grow and the next 
6 | Slide amplifies that. 
7 | WITNESS HARLAN: 
8 A Okay, are we clear on 
9 Chatepoint 7? 
10 MR. GIBBS: Yes, I was wondering 


et if he wouldl spell "zilch", but otherwise -- 











bea MR. GENEST: Se Sioa Duten 
13 Scientific term. 
14| (LAUGHTER) 

WITNESS HARLAN: 
shew iu Okay, the extent to 
| which ice lensing affects the hydraulic conductivity 
1? of frozen materials is also shown by measurements of 
18 electroresistivity. 
LS THE COMMISSIONERS: Well, it 
20 tee12330; why don" tewe stop for lunch” and’ come back 
2 at two and carry on now that we have safely gotten 
ap: cus, ar. 
2 (PROCEEDINGS ADJOURNED) 
24 
25 | 
26 | 
P78 
28 
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Clark, Morgenstern, Slusarchuk, 
Harlan, Hoekstra 
in, Chet 


(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
ME.) GENEST: May 1 proceed, 


Mr. Commissioner? 


THE COMMISSIONER: Yes, certainly. 


MR GENEST: QO Dr. Harlan, 
at the lunch break I think we had concluded your 
treatment of the subject of hydraulic conductivity, 
as illustrated by the graph that you showed. Are there 
other scientific approaches that arrive at the same 
Bwesult? 

WLINE os, HARLAN = oYesi, .chey ane 
Perhaps maybe the best way, just to summarize what we 
said this morning in very brief terms, we showed by 
means of the graphsthat the hydraulic conductivity of 
a frozen soil decreases very significantly with 
decrease in temperature, from say for example from 
minus 1 degrees to minus 10 degrees Centigrade, the 
hydraulic ll eae decreases 10 to 15 orders of 


magnitude. We also tried to show by means of an 
example the three, the sequence of slides from one- 
column experiment that would be the occurrence of 

ice lensing, the continuity of the films, and the 
hydramiac ecndtpon nals is further decreased. There is 
Other evidence for example, as I mentioned right before 
lunch, electrical resistivity measurements that show 
the same things. Some of the work by Dr. Williams and 
also pba sysitudent, Timothy Burt, also show a very 
Significant decrease in hydraulic conductivity with 


the occurrence of ice lensing. 


Q Well then, let me take 
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then to the -- to where that leads us. There are pulling 


forces within the frozen soil -- 


A That “LS conrect, yes. 

OQ = Causedpy "ehexmeal 
gradients. 

A Vie ars 

Q And let me put this case 


to you. First let us assume that there is no migration 
of water from outside the frozen soil into the frozen 
soil, and what we are dealing with are the heaving 
pressures of the movement of ice or water or whatever 
it is,within the frozen soil caused by the pulling 
forces that exist therein. What is the effect of 
that on heave? 

A OT Key Derhaps to back 
up slightly, the movement or mass transfer in frozen 
Material is the product of two things: 

(1) the temperature gradient, and 
(2) the hydraulic conductivity. 

So without a temperature 
gradient you will not have redistribution in this 
context. If we look at just a piece of frozen soil, 


the ice will tend to be redistributed through that 


system from the warm to the cold side. The rate at 


which this occurs will be dependent upon the magnitude 


of the temperature gradient, and the hydraulic 
eonduactivity. 

O.K., there are two aspects 
of this which should be considered: 


(1) we can redistribute ice lenses from, for example, 






















Hwy SA jie OD code 


‘ a laa) +f } take Re ka 4 . TET Lge re 4 
, 5 mo a 4 a ! ~ é & aie 2 
7 * 

7 a: 

ie AL ~ 4 < "5 i as 


t 7 one i 
: 7 - 
f i 
2 — 4 ‘ if " mn 
‘ Vy 
Mee diesptm oetde dete? G0) Sheen sa) dol ser ee ae 
f . . as 
| 4 Uke VOT De knoe aay Gibetnd Wade rr a) ; 


- . » tebe igi kesh was ow certw Giese thos 
f ia j 


os 
= 
ene 


i. pices ig the hey? isos) Jo Srenievom sit netueeseg: 
ne sah di Bohtbe PASE leeds sas eRe 
ern? 're tee ver #6 

on eee ae 

. ' et a Coty a’ igs lp ie aaa 
| 9 itis wee ) J7oneuen ahd . yiddiptee ey. 
Aw Fa sabes ee ea ieleodan 


.. 
i oy ay ip age hy VA es AIS Sl all 


5 “4 & aie > ee ghar! ah ih " f 4° = ri , Os mre wy ons wes? F 


. 
shodinoaw ety dacs Snebneryet od Di sw among had 





i r 
iseshyd eae Gar \irsihtap oes tequen et 


a. 

I , al : 
er) ia iis nee OF) | jt! eel sech> JF en ig Pes . 
Se Pod 












 Riueqwe Owl Sse — ew :) ieeaigay | ba 
<= oe ee f wii eiee- ad. toy Biber 
oA ~Yiteerid ertow ‘ed Sirians” i bifw-@ 

: > * : 2 a7 | - 


28) Oh eID 


BURNABY 2, B.C, 














REPORTING L-TOD. 10890 


Clark, Morgenstern, Slusarchuk, 


Harlan, Hoekstra 
In Chief 


the warm side to the cold side. If this occurs, there 
is effectively no change or very little change in the 
total volume in the system. 

Q That's doing what Dr. 


Hoekstra described as robbing Peter to pay Paul. 


A That "s correct. 
Q No net heave. 
A No net heave. So it's 


just a redistribution of ice within the system. 


Q Right. 


A O.K., if the process goe 


on long enough, it is possible to desaturate, in other 


words, create void spaces on the warm side. So that 
the ice that was contained within these spaces, for 
example between soil particles -- 

Q You could draw the ice 
OU Of “that. particular section of soil and thereby-= 


that's what you call desaturation. 


A Pesce 

Q I suppose you could leave 
eh ee We le 

A heave: a void or fri 2t 
with air. : 

Q All Right,what would 
happen then? 

A in Enis situation you 
could -- the end result could be a net increasein 
volume or a heave. 

@) A heave. Now, what we're 


interested in, I think, is what is the effect of that 
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heave? What is the significance of that heave in 
engineering terms? 

A In view of the volume 
changes involved, and also the very slow rate at which 
thes: pr0ces= would occur Px ats,, an) my) opinion, .t 
no engineering consequences. 


Q DmeiMorgenstern,. do you 


agree with that? 

WITNESS MORGENSTERN: Yegsir, 
tdo. 

Q Is there, if we expand 
our time scale, would there or could there be a ain 
able effect, brought about by this kind of migration? 


WITNESS HARLAN: 
A In terms! of the geologi-= 


cal time scale, yes. 

Q What kind of a time scale 
are we talking.about there? 

A We're talking in terms 
of thousands, tens of thousands of years not 
within say an engineering life of a pipeline. 

Q Now, seurning: co this 
question of migration again, and conductivity, through| 
another set of assumptions let us assume that Dr. 
Williams is right and that the presence of the forces 
within the frozen soil is sucking in from outside some | 


water, it's forcing some water from -- some water in 
unfrozen soil to migrate past the freezing front and 
into the frozen soil, what would be again the engineer- 
ing significance of heave produced by that method? 


A In my opinion, the heave | 
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produced by this method would be of no engineering 
Significance.» My reasoning for this is that the rates 
or the .~rocess, is:<control led iby the rates *of ‘motion 
migration within the frozen zone under the thermal 

ce camente aan we would expect, and also in view of 
the very low hydraulic conductivities, these are just 


negligible rates within an engineering context. 
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BURNABY 2, B.C. Harlan, Hoekstra 
In Chief 
a A Lmaght acc 
2 | that if one accepts Dr. Williams’ view that there 
| ame. significant, rates of water miaqration within 
4} Bmozen sol yehen one would anticipate that in permafrost 
5 terrain under the existing geothermal gradient we 
4 would shave a. regional uplift. 
| a) That would be observable? 
3 | A Well, if these rates 
9. ace Significant. 
al Q LS Dr. Walliams is 
af right we Would be able to observe heaving in a natural 
+3 | state in permafrost, is that what vou are sayinc? 
13| A That is what I ar 
tal Saying, yes. 
is | O In other words, should 
16 | Inuvik be rising up? 
17 | A This is what I am implying 
13 Sere Nidlaane tee right. Lt should be rising at an 
“49 ebsenvyable rate., .sam not aware of any measurements 
49 that would anduicate that this is true. 
a1 () Perhaps we can deal with 
49 that when we go to Inuvik. 
oe ft THe (COMMESS LONER : We will see 
a4. what Father Adams thinks. 
$8) Mee (GENBSGTS To wasnt going to 
a Stoo BbOur Mp litt. 
ba 0 Dr. Slusarchuk I would now 
sal jure sto turn to the criticism, of Dr. Williams, as I 
a | understood his evidence he criticized the usefulness 
30 | and the accuracy of the experimental work at the 
1 
| 
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Harlan, Hoekstra 
Pe Chre. 


Calgary test site in the laboratory and I want to deal 
with each of them in particular. I believe the first 
One r= OF Vat Tease! the first one I would like to 
deal with appears at page 10329 of the transcript, 
in these words and I am readina from line two, he 
says in answer to a question: 

"Well, they [meaning N.E.S.] have cone 

co Le enpiricably and ‘totally monored 

a considerable body of knowledge which 

I tried to introduce this morning on 

Mate dees of stress in the water in 

the “Prozow sort ‘and’so’ forth!” 
And I think that is reneated elsewhere. Fe is 
alleging that you have iqnored a laroe hodv of well 
settled experience. Could I have your comments on 
Phat 

WHANESS "SLU SARGCHUKS 
A Yes, I°disagree with 

Dr. Williams on this point. I have personally been 
aware of much of the frost heave work that has been 
going on in the past ten years and have read much 
of the great amount of available literature which 
is much more “voluminous than indicated by Dr. Villiams' 
lists which are entered as exhibits 273 and 274. I 


have discussed these matters with people involved in 


' frost heaving such as Mr. Fa Penner and Dr. Lorir 


Gord? both of the® "National ReSearch ‘Council “of 
Canada. 
TE. COMMIsS Sus@ihirrk ft wonder 


1£ you could spell both of those names while we are -- 
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pee Sige Clark, Morgenstern, Slusarchuk 
Harlan, Hoekstra 
Im -Cnie ft 
1 A Penner, P.E.N.N.E.R., 
oat ‘Gold's «G: Oula. 
3 | THE COMISSIONER: Both with 
4 the National Research Council. 
5 A Both of the National 
6 Research Council of Canada; Dr. Ross McKay, who 
7| was an overview witness before this Commission. Dr. 
a Bob Miller from Cornell University who is referred 
9 to by Dr. Williams in his testimony; Dr. Dwane Anderson 
10 | from the Cold Regions Research and Fngineering Lahora- 
aa | tories in Hanover, New Hampshire; Dr. Ray Yona 
120 from McGill University; and Dr. Paul Gaskin. from 
13 Queens University who, incidentally, was interested 
14 enough sin ows .work, to.jJoin.us in, Jwly 1975, for cone 
re year while on sabatical leave from Queens. In addition 
A I had correspondence with Dr. Harlan on this subject 
17 | before he joined our company over a year and a half 
18 ago. Clearly there has been input from Dr. Morgenstern, 
oe Dy Clank. .Dr..Hardy ,and staf, members of. Northern 
-p Engineering such as Mr. Wayne Arvidson who 
a completed a Masters program at the University of 
4? Piberca, Ons, frost heaving in 1973 and Drs. McRoberts 
2 and Nixon, beth of whom are trained and experienced 
<< in aspects related to freezing and thawing of soil. 
25 | In addition I have discussed 
“” * frost heaving with Dr. Williams at various times over 
fl} the past four to five years and I have visited his 
=; laboratoraes, at. Carleton, University. . 
<2 Our frost heave program 
ee Was arrived at with full awareness of :thei -state,.of 
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therant after consultation with several authorities 


























in this field and in my opinion it represented the 
best methods of analysing frost heave as it affected 
the proposed pipeline. 

I therefore reject Dr. 
Williams' contention that we have totally iqnored a 
body of literature, although some of the results in 
the literature show that the rate of heave would be 
reduced by applving surcharged loadings, there was 
no comprehensive theory available that we could 
use to predict the heave of our pipeline. That 

ts why we initiated our frost heave program. 

THE TEOMMESS TONERS Dirwits Lay 
Ssarchuk, You are not sugaesting that you talked 
to all of these people about the proposition Dr. 
Williams put forward when he testified here two 
or three weeks aqo? You are saying that over the 
last few years in preparinda the Arctic Gas scheme, 
all of .these people have in one way or the other been 
consulted either through readino the stuff they 
have written or talking to them or bringing them in 
to work for your company? 

. A Ves, Sir. “The latter == 
Q The people that you 


consulted about the Williams critique are your 


* colleagues at the table I assume. 


A Mesa Sem wiemiami@ 
Ottawa, I guess it was about a week ago and discussed 
the matter with Mr. Ed Penner at that time too. 


O Of the National Research 
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A Of the National Rese arch 
Councw# 

@) And what is his -- what 
are his qualifications for discussing frost heave? 

A he has heen involved in 
the frost heave work in Canada probably longer than 
anybody else, other than maybe perhaps Dr. Hardy 

In my view he has considerable stature in frost 
heaving, not only in Canada and the United States, 
lie Brecuckone the world, and one of the reasons that 
i went down to consult with him-was*noet “simply to . 
dyvscuss the“proposition that Dr. Williams had put 
Lonthy but was to bring him up to-date on the results 
of our studies. We consulted him at the very -- 
before we had set out our program. We told him what 
we were gOing to do. We discussed it with him and 
from time to time I have kept him informed about 


what waS going on. 
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Harlan, Hoekstra 
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PT <heve* sent Himecepies its 
our rqmrts and I went down there to discuss with him 
the overall frost heave situation as it was affecting 
Us"acY Chae cine, 

THE COMMISSIONER: Well, did 
he have any views on Williams' critcue of the 
Arctic Gas approach? 

A Well, he did have views 


and I'm not sure whether I should comment on’ his views 


OLE ROL. 
Q Wel T=maybe==="ne “doesn” t 
work for you, does it? 
A He does not work -- 
Q fs"nevarconsultant toryous 
A Noy Sie Senet. 
Q He's working for the 


National Research Council? 

A Hers, ole 

QO Well, maybe you should 
Gen in touch wrt Him, Mee *Seoct, Mr. Goudgqe,’ He: s 
a very eminent figure in this field in the world, I 
take it, from what you Say. 

A Yessir. 

MR; GENEST? “Unless, Dr. 
Slusarchuk, you have objection on confidential grounds, 
to relating what Dr. Penner's views were, I have no 
objection. “Mr Seott, \l'n sure, "wild foeltow up: 

A Well, my interpretation 


was that he didn't believe that.such large forces would 
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be required to stop the frost heaving. I asked him 


specifically if he thought that our method was reasonable 


and he suggested that he thought it was, and we had 
previously asked him if he could assist is in any way 
by giving us advice on another way to go about predict- 
ing these rates of heave and the amount of heave of 
our pipeline, and he has told us that he knows of no 
other way. That's my summation of his views. 

Q Well then, next, sir, 
Next, Dr. Wiltians, - “chink” that “s"reabiy his'+central 
attack on your conclusions from your experiments, he 
Suggests that the heave predicted by your method will 
under-estimate that experienced by the pipe in the 
field, and moreover, that the surcharge loading compat- 
ible with your shutoff pressure will be ineffective 
to suppress heave. Would you comment on that? 

A Well, if I may I'd like 
to bring this Commission up to date on the results 
Sortie “Calgary frost-heave “test facility: It now has 
peenein -Operdcion Lor / +? svears © Atpartictilarly 
interesting feature of these results is what happened 
after we placed a 5-foot surcharge berm on two of the 
four buried sections in June, about three months ago. 


I'd just like to show the results, the actual heaves 


- that we're measuring, and how we're predicting them. 


THE COMMISSIONER: Go ahead. 
MRS *GENEST =O Would vou 

go ahead? 
A Just quickly to refresh 


your memory, we have the four buried test sections at the 
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_ predicting compared with method 1. In Method 1 we 
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Calgary test-site, each one, each test section is 

four feet in diameter, the same sized pipe as what 
we're proposing, of course, and each section is 40 feet 
ong Now this is a graph of predicted and observed 
pipe heave at the control section. I want to go through 
each, the predicted and observed pipe heave for each 
section. 

The control section was buried 
such that the top of the pipe was about 2 1/2 feet 
beneath the original ground surface. Along this ais 
I have heave, the amount of heave of the pipe, the Peay 
heave of the pipe in feet, and this here is one oe 
here. Along here we have time in months, from the 
stamt ofiiourittest in March e20inp 1974;,rand iimthere during 
June is the time that we applied our 5 foot berm appli- 
eCatiom te the <= enetepeckinthescontrol section pp hand 
I'll get you those results in a second. Now on here 
you'll see three lines. You'll see the solid line 
which is called the observed heave of the pipe; and 
you'll see two dashed lines, one method 1, and another 
method 2, and these are predicted heaves. Method 1 and 
method 2 are based on exactly the same principles, 
it's just a matter of geometry how we handled one or 


the other. Method 2 is a simplified method of 


actually account for the real shape of the frost 

bulb, and the sheering resistance along the -- between 
that, is ; 

the frozen bulb/moving up and the soil along the 


unfrozen soil that is moving up through. Method 2 we 


ignore that sheer and assume that the frost bulb is 
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Clark ,Morgenstern, Slusarchuk, 

Harlan, Hoekstra 

tn, Chien 
neetangulareatethesboettomatit*'s justea matter of 
detail. I don't want to discuss method 1 and method 2 
any more than that, to say it's just a small matter 
of detail there. 

Now, here you'll see that 
the observed heave rate as the frost bulb started to 
get deeper and deeper, starts to become smaller, the 
heave rate decreases with time as the frost bulb 
gets a little bit deeper. That is in agreement with 
our idea-of overburden pressure reducing the rate of 
heave. 

At this point we put pie ae 
foot berm application onto the control section and 
we had this amount of settlement or consolidation. 
that was Simply due to the fact that we put the extra 
load on it and it was the unfrozen soil around that 
simply settled. then almost immediately over two or 
days, this then was the observed heave. You can see 
that before the average heave rate, the rate that the 
Pipe was heaving up before the berm application was at 
about that rate, and that after the five foot berm 
application there was heaving at about that rate. 
This again is according to our views that overburden 
pressure should reduce the rate of heave of the pipe. 

Now, here is our predictions. 
Now from my view, this is a very good prediction over 
this period of time, and the point that I want to 
draw you to is that at later times, at longer periods 
of time we are over-predicting the rate of heave. 


We're measuring heave rates at that rate and we're 
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actually predicting them at that rate. Again after the 
berm was applied, we're measuring heave rates at that 
rate and we're actually predicting heave rates at that 


rate. This is an exact opposite view that Dr. Williams 


| 
| 
| 


shutoff pressuresbecomes greater and our heave therefore 


holds. He says that with longer periods of time our 


should become more. So we are finding this to be quite 
different in actual fact in the field than from what 
Dr. Williams has suggested. 

Q These =— I'm sorry, could 
you just keep that up a moment longer -- these are you 


observed results until when, until October? 


A Until about the middle 
of September. 

Q Of September of this 
year? 

A Of this year, yes. 


I'm not numbering these. 
I’merefterring to the title down at the bottom, Mr. | 
Goudge, do you think that will be good enough? 

Predicted and observed pipe 
heave at the deep burial section, the deep burial 
section the pipe was buried such that the top of the 
Pipe Wacetive feet > 7/2 feet beneath the original 


ground surface. 
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In other words, it was 
buried an extra three feet deeper than the control 
section. You can'see that just for example it is 


kind of a confusing picture. 


0 You are superimposing 
your -- the last slide with the one that you are 
presently showing. 

A Yes pri *justicwant to 


draw attention to two lines here. This is the 
observed heave rate of the control section and here is 
the observed heave rate of the deep burial section 
which was buried three feet deeper. 

I have the same co-ordinates 
on all of these figures. Wal sam moti going rho’ *tqa gver 
them each time. Here is the solid line again 
showing the observed. We applied our berm application 
load here and then you can see that it was heaving 
somewheres at a rate like that before we put the 
berm on and now it is heaving at a rate something 
like that. 

Our rates of heave of prediction 
towards the end before we put the berm on were pretty 
close to the*same as what we actually observed except 
a little bit higher, but after we put the berm on 
it though, we're predicting that heave would be occurring 
at a little bit faster rate than we are actually | 
observing. 

Mhis> ist ourrwestrain 
section. We are not predicting as well here as 


you can see as we predicted in the other two -- 
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ALLWEST REPORTING L-TD. ; Clark, Slusarchuk, Morgenstern 
ala ae Harlan, Foekstra 
In Chief 
O Can you refresh our memory 
as to what the restrain Section is, PE. oLusdrchuk? 
A Yes, excuse me. The 
restrain. section was a section where the pipe was 




















buried, the top of the pipe was two and a half feet 
beneath the nominal qround surface and we had jacks 
that we could put a load on the pipe, but the jacks 
were such that they could move under a constant 1loac 
sO we would simply put a certain load on as we liked 
on to the pipe which would then be transfered onto 
the Ege, front, so the idea was to put different 
Voads Onte the treezing fLront on “the restrain 
section. 

We started out in March of 
"74 and we were sort of heaving our rate about like 
this =- we applied a load here, 5f tons, and over 
the frost bulb at that time, and you have to appreciate 
that, the frost: bulb Vs “continually Getting larger all 
the time. We put one load on and at that time, 
the 56 tons was almost equivalent to say puttino a 
three foot surcharge berm on top of it. 

Vou can see that when we 
Put that Loading on it did tend to change the rate 
of heaving. We then applied 186 tons at this 


stage and I can't quite remember, the frost bulb had 


qrown, I can't quite remember how manv -- equivalent 


to how many feet of over burden that was, at the 
moment, but we started heaving at a rate like that. 
Later on we applied 380 tons and there was not a 


qreat amount of change in the rate of heave at that time. 
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te We were coming into the winter months here and the 

Qn) Lrost, bulb. was sderting a little bit. larger at the 

3 sides,;,the frost bulb was growing.a little bit.more 

4 and the average stress on the frost front was decreasing 

5 with time. We kept the load constant. 

6 || Now, at this point we applied 

7| a fairly large load coming pretty close to the 

8 | shuc ort pressure, still a little bit under. 

af When we applied that load,the load that we calculated 
10 on the frost front was something like 2,600 pounds 
1. per square foot and the soil there,we have determined, 
12| had a shutoff pressure of 3,000 pounds per square 
as} | foot, sO we are coming close to the shutoff pressure, 
14 | but still under it. You can see that the averade 
15 | heave over that last period of time certainly has 
Wee dropped off and that this » as, flattening, ong. 
17 Between this period of time 
18 here -=.1 can’t .tell you just exactly how much heave 
19 | took place, but I do know that there's almost 
20 one half of the heave that took place in that period 
24. of time was due to lensing heave, the other half 
22 was due to the expansion of the in situ soil as 
233 thet uoOsmenrontanust ocetije Little Jarcger and froze 
248) the soil particles that were already -- froze the 
25)| water in pores between the soil particles themselves. 
26 | . Now, aS I mentioned earlier, 
27 | we are not predicting as well in this case as we 
28 | did before. We are over predicting. This is -- I 
20 would be a lot happier if we were nredictinag closer 
30 | from the point of view of maybe not having to be so 

| 
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conservative in our design measures, but our methods 
are all showing that we are overpredicting what we 
are finding. In other words, we developed a laboratorv 
testing program to cet our frost heave characteristics, 
a method of analysis and the way that we put it 
together is a conservative way so that we always 
end up estimating more heave than what we are 
observing. 

Acain, &£ would like “to draw 
your attention to the fact that we are predicting 
that we should he heaving at a rate about like Beer 
and we are observing a rate something like that, 
Again,-unm the [ong period of time this “is” contrary 
to what Dr. Williams is expecting should be 
happening. 

Binewly, this, is tne grave 
section and again we are predicting over by cuite a 
bit. We haven't surcharged this one. We are now 
trying.to look into the exact reasoning why we are 
Overpredicting so very much in that area, but the 
fact is that our method is conservative. We are 
going to be doin-g more work on looking at the 
conservative-nature of it, but the way it sits 
right now we have a conservative method for predicting 
heave. 

In general, I believe that the 
results that I have just shown, which span a period 
O22 year and a half are convincing evidence that 
our method of prediction is acceptable for pipeline 


enaineering purposes. We over predict as time aqoes 
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l along and that is the opposite to what Dr. Williams 
2 | suggests. He believes that the shutoff pressures and 
3 hence the amount of heave would he greater than 

4 what Northern Enqineering is predictina. 

| Some of the more recent 

6 | work done by Dr. Bob Miller of Cornell University 

7| who is referred to by Dr. Williams as a, in quotes: 
3 vA very distinguished worker in the field" -- 

9 THE COMMISSIONER: Do you 
10 | agree with that? 

Ti , A Yeo, 1 do. 

| -- has shown the shut off pressure decreases as the 
13 thermal gradient decreases. Let me ao through that 
141 again -- has shown that the shutoff pressure 

| 

154 decreases as the thermal gradient decreases for the 
16| vange of thermal gradients that we will have throuch 
hea the frozen soil around our pipeline. In simple terms 
18 this means that as a frost bulb grows larger, the 
19 shutoff pressures become smaller. 
20 
at 
oD 

5 
24 | 

25 | 

a 

- 

28 | 

aa 
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As the thermal gradient gets 
smaller, the frost bulb becomes larger. 

THE COMMISSIONER: That's what 
you say Dr. Miller's experiments have shown? 

A Yes sir. 

This agrees with our observed 
results at the Calgary test facility, in other words 
what Dr. Miller's lab results have shown. They agree 
with what we're observing at the Calgary test facility, 
and again it's opposite to what Dr. Williams is 
suggesting, when he says that our shutoff pressures would 
increase with time, and the ones we are measuring and 
using are much too low. 

MR. GENEST: When 
you're seated I want to move onto another criticism 
of Dr. Williams as to your experimental methods. I be- 
evel feuggastea that your test results were unreliable 
because their duration was too short, that if they had 
gone on longer you would have observed far different 
results’ Can’ you comment°on that? 

A Yes. FY totally disagree 
with® this’ point. “Dr: Willzams- views do. not accord 


e 


with the recent results reported by Dr. Miller from 


} 
| 


Cornell University which indicates that the shutoff 


pressures decrease if the thermal gradients decrease. 


Our thermal gradients decrease with time because the 
size°of our frost bulb! increases, just as I got finished 
Saying before. 

We have looked at other 


experimental results as well. The first tests that 
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were carried out in a manner similar to ours were those 
Or Arvidson and Morgenstern -- 


Q How do ypu spell that 


first name? 








ran our tests about 20 times as long. Wechecked the 
field results over three-day intervals, which was 

240 times as long, and finally we checked our results 
over 18 months of testing at the field test-site, which 
is over 4,000 times as long as the original test. 

| All of these results give heave rates and shutoff 
pressures in the same range. We believe that if we 
extrapolate ae performance over 20 years, which would 


increase our largest time factor by only 13 times, 





that we will obtain the same results. 


Q Is an extrapolation of 





this kind considered reasonable in engineering work? 


= 


A E believe. +t is. 


QO Dr. Morgenstern? 





| WITNESS MORGENSTERN: Yes, 
particularly when you have measurements going back 
‘several orders of magnitude prior , and then you plot 
your phenomenon on these different orders of magnitude 


ef duration, the curve is very flat so that the pro- 





jection ‘one more order of magnitude is very 





| A Arvidson, A-R-V-I-D-S-O-N,. 

and Morgenstern -- 

| Q Morgenstern, he's our 

Die. IMOLrgens Ler n. 

| A The very same, and the 
Guvatloneon TnOse tests was about, three hours.» We 
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reasonable. We do it all the time. 
Q Next, Dr. SEusarchuk, 
at page 10367 of the transcript there is a discussion 


| about the incompatibility of the actual results, we 























have the observed results from the field test-site 


With Williams" -— Dr. Williams” position.’ Perhaps I 


should read it. In the cross-examination by Mr. Marshall 


atipage 10367, line 8: 


Question: 


"Well, sir, the reason we get into it is that fi 


understand that the Northern Engineering engineers | 


in their research that they have conducted iH 
Calgary have not been able to detect any heave 
associated with these temperatures lower than 
30 degrees. At the site where they have been 
running the tests for some 18 months, and the 
heave gauges behind the 30 to 32 degree range, 
don ‘tdemonstrate that there is any heave 

occurring there and that is why we have this 


difficulty with your suggestion." 


Answer: 


Nell? tadontauknow,.one. year. =— 

18 months. 

18 months. Heave gauges, you know, I don't 
want to suggest any kind of sort of incompet- 
ence or anvehing like that, but that kind of 
paradox, af tes really clearly there, does 
exist very ponren iy and one would want to 
know why. 


I agree that if you are 
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1} really sure that those heave gauges are really 

2 | accurate, it might be very interesting to ask 

4 why precisely nothing has happened, but I don't 

| believe actually that the reason that heave 

5 gauges are milled to a thousandth of a_ degree. 

6 | Q Dr. Slusarchuk has the results here, if you | 
7| want them. | 

g | A Well, I would be interested in seeing them." 

9 | rivet Ot yall) Dr, Sslusarchuc, 
10 perhaps I'm being unfair to Dr. Williams, he may not 

1] have intended this, but I received the impression that | 
12 | he doubted the accuracy of our measurements or the | 
13] competence of the people who were measuring them. Could 
14 | you tell us about the accuracy of the measurements and 
15 | how we go about it? And whether you have any doubt 
16 | about the measurements themselves? 

Ly. WITNESS SLUSARCHUK: Yes. 

| 

18 T*should like to say that we have had skillful surveyors 
19 making the measurements on the heave gauges, and they | 
20 are making their measurements with the accuracy of | 
21 | 3/1000ths of a foot. We placed these heave gauges so | 
22 that we could measure the amount of heave occurring | 
23 within the eooeen soil. I'd like to show you some of 
24 | the results of theheave in the frozen soil around the 

a5 | Pipe section at the Calgary field test facility, if | 
26 | . I could. 

27 Q Proceed to do it, please. 
28) A thas sa figure that 

29 | shows the heave gauge locations in the control section. 

| 





IU) | The other sections are more or less similar, but it 
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‘| shows along here, for example, horizontal scale 
| 

a in feet, iWgoing,ecach way,.fnom,.the centre lamne!.of, the pipe, 
*| it shows the ground surface, the depth below the ground 
’ surface, it shows our pipe, and the mound or berm over 
- top of the pipe, and all of these locations are the 

mT locations which we have heave gauges within the 
2 soil. 

a Now as the frost front starts 
| Loymoye ~anpound,| “After the test starts to grow, after 
“ we started the test. Before I get into that just to 
aa be clear, each one of these heave gauges has a riser 
a coming up to the surface. We have a deep bench mark 
x that we installed at the field test-site, and it is 
- by means of the surveying that we measure the amount 
a of heave of the gauge down here by measuring the heave 
| at the surface of the rod. 

| Getting back » my other dis- 
| cussion, as the frost bulb starts to move around the 
19 frost front, it starts to approach, for example, heave 
Sian 
| gauge No. 11. Up until that time, there's no frozen 
a soil beneath the heave gauge, so there should be no 
> movement of tthe heave gauge, there's no heave there. 
*| ButsasptisoOhnaas thea frost) front startswitot pasSr« through, 
a and this is a frost susceptible soil and it's heaving, 
~ | then we start to see the heave gauge move up. Now as 
| the frost front advances down towards 12, we have 

4 plotted the difference, the amount of heave that 

| has taken place between heave gauge 11 and heave gauge 
29 

| a As the frost front moves down here, there's 

ma 


been a certain amount of heave. Heave gauge No. 1} 
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moves up, No. 12 hasn't moved, and you get a certain 
amount of heave. As the frost front comes down to 


No. 12; Ne. sa 2ealsoistarts to. mover, andthe riros tetront 


then penetrates on down farther. 








The point thatode mvaddressing 
is what happens to the heave between heave gauge 11 and 
| 12, after the frost front has gone through? In other 


words, is there any heave occurring back in the frozen 


bezone Of “the vsoil? | 





Q ARG tf wk COMLG i nterrunt 
there, as Dre Wilitams” theory is ‘correct, ‘you would 
expect to see heave at heave gauge 11 when the frost 


front is past heave gauge 12. 





A That 1S Correct. 
| ©) im iserry, t's difttferential 
heave that you'd see, a different kind of heave, a 
| different order: of heaving. 
A Well, no, the way we've 
got it, the way we've got it right now is that we're 


taking the difference between the heave so we know that 





the whole frozen zone, for example, if it's frozen here 
| we know that-it's all moving up and it's all moving 
up at the same rate as the pipe, but what we're doing 


is taking a separate measurements on No. 11 and No 12 





“andvecubtracting those two all the time and seeing 
what's the relative movement between those two gauges 


With tame: 





| Now, I guess to have been 





consistent I should have actually had the heave gauge 
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Harlan, Hoekstra 
In Chief 


presentation tor Lisand 2, but I don't wave those. 


This happened to be’ a handy slide to show how the heave | 
gauges worked; but this is where the deep burial eae 
this is the kind of burial depths that we're talking 
about and in general greater, so it's more pertinent 


to talk, for example, about the deep burial. 


(VIEW GRAPHS OF DR. SLUSARCHUK MARKED EXHIBIT 282) 
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Harlan, Eoekstra 
IneChies 


WITNESS SLUSARCHUK: 
Along here we have heave in 


feet on this axis, okay, and this is the heave line. 
Ltitblestalk Go sit sin a minute, I) just wanted to 

let you know what it is and that is the heave, or 
the heave in the soil between the two -- between the 
two heave aauges. 

Obey, et isthe vactual. 
separation of those two gauges with time. 

Now, along here I have 
temperature plotted and for convenience I have drawn 
in the 32° isotherm alonc here. Now, Gauge 19 was hicher 
than Gauge 20 so it was closer to oyr pipe, it was 
Sentandecolder taster, .so the frost front -- this 
is the temperature was decreasing and at this point 
in time the 32° isotherm started to pass throuch 
heave gauge number 19. You can see at this point 
we started to measure some heave at Gauge 19. Guace 
20 was not moving, so this is the heave between 
the heave of the soil that was taking place between 
Gaucge 19 and 20 with the frost front just part 
way inbetween the two qauges. 

Gauge number 20, the 
temperature was aqetting colder and at this point 
PoTkOO Ae veached- 32° -- reached the freezinc 
point and the frost front moved throuch that 
gauge. That is around there. You can see that 
bysin darge.=- at least within the accuracy of our 
measurements there is no heave taking place between 
heave gauges 19 and 20 in the frozen zone after the 


frost front has penetrated both gauges. 
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I have cot another one, 
but it Gust sehowe the same thing and we have a VOt. OF 
others) cour don't think thats really need to show 
another one unless YOM Iwantttorsea*-<2 

0 WelPrr art the rests 
then are consistent with what vou have just shown? 

A That is richt. 

QO PGE Ore WaT ane was 

correct, what would you have expected to see? 

A Wem, Li Dr. Wil tame 
is correct, I would have expected to see this heave 
Eaking place jwhich USintthe lensina heave and then 
behind that some additional heave in the Erozen 
SOil due to heaving in the frozen soil, so my line 
would have then been increasina upwards instead of 


being horizontal. 


O And that 1s what he 
finds a paradox. 

A ves," ‘the results that 
I have shown and there are others as I have mentioned, 
Clearly indicate that over the 12 month period anc 
within the aecuracy of these measurements, no heave 
behind the frost front has taken Pisce, thie 14 
entirely consistent with our views on rates of heave 
‘behind the frost front and is hotwhat Dr. Williams 


calls a paradox. 


@) Daas PP@Sarcnak , 5 next 
want to turn to Anothermreantricismrof Drs “Williams as 


to our experimental methods. It has to do with the 
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Harlan, Hoekstra 

in Chiest 
accuracy of measurement of our gauges, our dial 
gauges, fF think that as in the lab and that appears 
at page: 10310 >to I2 of the transcript; *and@agarn td 
make sure that I don't misquote him I better read it. 

THE COMMISSIONER: Excuse me, 
before you go on, Mr. Genest,~could I just return 
to the series of questions -- or the series of answers 
Die Clank gave at the outse, this morning,” it vou 
den © ind: = 

MR. GuNeS ft" \Gitcourse rs 15. 

THE COMMISSIONER: =AYou 
Sarg nat If Dr. Walliams was Light anavehe seudling 
forces drawing water into the frost bulb were four 
or five times as severe as Arctic Gas had estimated 
they were, that the frost heave that would result 
would be of a magnitude such that no remedial measures 
of a practical nature would be vossible. You said 
that would apply throughout the zone of continuous 
permafrost and the zone of discontinuous permafrost. 
If you were backed into that corner and I understand 
perfectly that you dispute Dr. Williams position root 
ame. branch, Just reLcurning to that starting point 
for a moment; you said that the proposal to 
build a buried chilled gas pipeline would be out 
of the question. 

As I understood it you also 
said that running a gas pipeline at above freezing 
temperatures would he out of the auestion because 
you would thaw the permafrost anc subsidence and 


settlement would occur and that there was no way of 
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Harlan, Hoekstra 
Tienes 


building the pipeline practically through permafrost 
without chitiaing the aqas- 

Now, if those two propositions 
are sound, then would you --—"the only way that you 
could build a gas pipeline would be to elevate it, 
is that where you would be forced to go? 

WITNESS CLARK: 

A That is where we are 
at and quite Obviously as Dr. Morgenstern pointed 
out wouldn't he necessary to elevate it over 
fES-entire Length. There are portions of the 
continuous permafrost zone that are thought stable 
that it could be buried. 

‘@) Where you don*t have ice- 
rich permafrost. 

A Yes. 

THE COMMISSIONER: Yes. 
porry. = 'T just’ wanted to have the framework in mind. 

MR (GENEST =. And perhaps 
it might also be useful CO recall at this stage, 

Dr. Clark, Dr. Purcell's Concerns about the risks 
associated with an elevated Gas. line? 
: Ay That is corréct, 
0 What were those if 
you could refresh our memory. 

va Largely they relate to the 
metallurgy, the fact Chat failure would be very 
extensive, would in his view, and we SUppert this 
view, not Only destroy the pipeline, but also the 


Supporting mechanism. I believe the analocy that he 
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In Chief 

l gave at the time, at least it is one that we have 

p | used internally, and I think he gave it here, is 

3 that it would be comparable to an unrestrained fire 

4 hose on a failure, and it would fail over oreat 

5 lengths between stations. 

6 | 0 And that sort of behaves 
3 | like an angry snake. 

8 | A midon "t= recat) 

a seeing an angry snake. 

10 || (LAUGHTER) 

11] 4 A There are other 

12 | factors: Leo, Of course: the cost, the fact that the 
13 | Pipeline has to be insulated, the fact that it is 
ial in Our View =- and in the view of our consultants, 
aoa a much ocreater environmental impact. 
Ge THE COMMISSIONER: Yes, 
17 well, the cost of an elevated pipeline would presumably 
18 | be a great deal.more than the cost of a buried pipeline. 
19 | A That is certainly 
20 my understanding and we have had some numbers produced, 
O70. Loon tarecall them daxactl but T would think that 
72 it would be of the order of twice as much, perhaps 
23 Nore. there are aynumber of factors that come into 
24 alls ys 
25 | O And that iS one reason 
26 | _.why the Alyeska Pipeline, as I understand it, has 
27 cost so much more than it was originally estimated 
28 | it would. They have had to elevate it -- at least 

aa they have elevated it, whether they had to or not,over 
30 | a much greater length of the route than they 
| 
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Harlan, Hoekstra 
in Chief 

i Originally thoucht they would have to when they 
i esurmeted tt would cost only $900 million. 

3 ny Yes, that is also 

3 my understanding. 

> | 0 And Arctic Gas is 
oH not proposing to build an elevated gas pipeline 

7] alona the route of the Mackenzie River and -- 

e | letimeerput art ithrs way, iriethe proposal to«build 
9 | a buried gas pipeline were one that had to be 

10 abandoned, then ther qwould be no pipeline project 

| 

Pay for any tribunal to consider, is that where we 
120 would he? 
ae A nt don't know that 
14) for sure. ledonstes knowrwhat the policy or position 
Ba of Arctic Gas would be if they were for some 

16 | reason forced to go to an elevated pipeline. 
aa MR. GENEST: I suppose it 
18 would have something to do with the price of gas, 
19 | how much we could sell the gas for in the south, that 
20 effects the total economics of the -- 
ou THE COMMBSIONER: I am 
ee sure. You might need -- 
fie - MR. GFNEST: If you could 
24 | sell gas: for 2$1-00-. 00.cacthousandircubtc «tfeet it 
25) might be economical. 
and THF. COMMBSIONER: Well, at 
27 the very least you might have to ask for an 
a adjournment. 

fas 


| 
| MR. GENEST: I would ask for 


es | an adjournment, that is riqht. 
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Harlan, Hoekstra 


IMm.Cnhaae 

Pivas directing =<- Sir, is 
that G2-— 

THE COMMISSIONER: PRhast 
is fine. 


MR. GENEST?> Can I proceed? 

I was#doing “to ‘diréct "your attention to a criticism 
about the accuracy of measurement which I think 
to understand it all we have to start at the bottom 
of page 1310 where at about line 25 -- I am sorry, 
LOS OSLO ane 2> where Dir: William says in 
answer to the question: 

"T have a criticism of the methodology" 
The question: 

“wellpeveriaps you could ——" 
Answer: 

"Yes. Well, I stand to be corrected on 

Chis, buteas 7 understand it, the shut= 

off pressures were applied to the 

top, I presume,of the sample in 

order to stop the entry of water 

into the bottom of the sample. The | 

thing might have been the other 


way up, “I don't know, but the idea 


was to apply enough pressure to stop 


the entry of water into the sample 


out Tt sdon.t think, that the actual 
heave taking place was being measured 
with o great deal of accuracy at the 
same time. 


The primary interest was whether 
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Clark, Morgenstern, 
Harlan, Hoekstra 
In Chief 

the water stopped going in or out 

Or now. “Ihe Lact that *the water 
stopped aoinag, in didn't mean that 

the pressure beina developed, and 
which was being counteracted, was in 
fact totally counteracted and the 
volume may have been well increasing 


by a’very small amount.” 
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Clark, Morgenstern, Slusarchuk, | 


Harlan, Hoekstra 
in eCnLext 


""Welu, Lig Uncerstanad your first Cricicism, 
if your fike;, the methodology is that you 

are not satisfied that the heave was being 
accurately measured. I'm instructed that it 
was being measured to within 1/1000ths of an 
aTCi. 

M-hm, well I mean that may be. We have dial 
Gauges ciate clagim that. sort of thing, but 2 


I could -- 


Welt now, just let me concentrate on that point, 


Sir. Now are you dealing with something that 


you know about or something that you suspect 


about, or something that is just a possibility? 


ess 

You have made a criticism, and I am not 
suggesting that you have made it without 
Civang, “eagrean chougnt,souct 1. Just want fo 
know what the basis of the criticism is? 
Yes. Well, 1/1000ths of an inch sounds very 
impressive, and I presume that the accuracy 
of the heave measuring system was plus or 


minus 1/1000ths Of an inch: and that was in 


a period of a few days, I. don't know how long 


a period involved was, but to make a simple 


example, suppoSing it was one day and we could 


in fact have been having -- 


is asked to continue. 


"The gauge was capable of measuring any heave 


And then there is an interjection where Dr. Williams 


that was greater-than 1/1000ths of an inch but 


| 
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y it wasn't capable of measuring less than 1/1000th 


fo 


of an inch. That's what we understand by measuring 




















3 | something with an accuracy of 1/1000th of an 

4 inehe 

5 | Now if the experiment lasted 
6 | one day we could in fact have had a heave that 
7| waswnotul/lh0O00ths vo£vaneinch, but point .9 of 

g | 1/1000th, and we wouldn't have known anything 

9 about it. We wouldnt have known anything about 
10) it. In a thousand days we would have had nearly 
11] an inch of heave an-d you wuldn't have known 

12 | about/it" 

13 | L"ahltike 166 ask ’youyour 

14 | comments “on that \criticism, Drs Slusarchuk. 

15 | A Yes. Well, just to be 
L6 | absolutely clear, the lateral slide presentation that 
17 | e gave with regard to measurement of heave at the 

18 Calgary field reer) and this criticism is now 
nD directed towards the measurement of heave in our 
20 4-inch test samples in the laboratory. I believe we 
po told Dr. Williams that we were measuring this heave 
Ag Ho damhaccunacyaof Th/1000ths ofan sinch; wherein “fact 
ee we are only Te aieend this heave to an accuracy of 

24 | 3/1000ths of an inch.» ‘That's three times poorer. 
25 THE COMMISSIONER: Yes, that's 
26 | the margin that you can't measure. 
27 A Wedge 

28 | MR. GENEST: The suggestion 
29 by Mr. Marshall of 1/1000ths was erroneous, it was 
30 | 3/1000ths. 


* Sala! WSBY eae eTMMO aR: 


Uy 


¢ 
4 


rieynsawond enh inst aed 


Weave reyes ob aes acer og. Slee g¥ ser pile dost AR 


TEL aes sd “Ss baa | are bh. ae 4 thew ak f- " Pheer 
Nigkaeet la. vos jmededsiae) Se ARS wea 
ag aut hi eW ae Anagcm (p76 ciset ue Beko ee 


vyxts cotiedgse  bbtie: ie2gdo bees es 


ome. tli cetedsteocets! bee yehseroeee bleed paepLed: 

yo “eh aod! fo satateas aie ere sbregnt beyoonioe 
yw afas fed 1. preopzodsd a hade nab Lega: Mba hded 
ot ait fortae bia sremogie? aaa eine tbl tia. ors haa 
ned: 


Su 
























SHSM ABO y ote WOOT: 


SBS ial vm wus Jone 







Padi 


TAOS: nalyee Rip atte use Pow eh 


uae Cah? ahora: svat frbteos jew $34, Streets eo 
ei aved Bl owe oe évs5 baskepnda’ s Fa ved a Siar 


r ati) eens 3 4 — wait 


fii, Sreor ip LS CES ot £56pSr do fe"evse bo 


cal andi ethat: nie ie = 200080 Secu net oe 
praereos ss sue oo cve.r sik pa mo ay ato 
reese ‘eem)2- mous! oi Am. ee 








19.2.5 


LWEST REP 


ine) 














Clark, Morgenstern, Slusarchuk, 
Harlan, Hoekstra 
iy CHyier 


A It was 3/1000ths, yes. 
However -- 

THE ICOMMISS TONER: That's. only 
a.r300%3 error. 

A However, Since we've run 
our tests for three days, and Dr. Williams in his 
evidence was using the value of 1/1000ths of an inch 
per day pian ierror sf. t/L000ths) of tan. inch per day in 
his example, it appears that this information would 
net «change. his largument -atvalil. 

Dr. Williams says that if we 
missed by 1/1000ths of an inch per day, then for 
example over 20 years this means that we potentially 
miss about seven inches of heave. However, I believe 
the more appropriate method to estimate our potential 
error over 20 years would be as follows: We freeze 
at least Atwolinches of soil during our test, and during 
this time we missed heave in this two inches of frozen 
soil pyts/LO0O0thstefeanninchye Fornasirost+bulb,that 
develops to a depth of 30 feet below the pipe, this 
would mean that we could potentially miss about a half 
an incheotoheavet In otherhwords;tinetwor inches. of 
freezing sth we would miss heave by 3/1000ths, and 
if yousomuibaphygiiat twoninches to get you =-- divide 
that two inches into 30 feet to get your multiplier 
factor,cand multiply that by your error, because we're 
making an error of 3 thou in two inches, it comes out 
to a half an inch. I'm saying that's a more appropriate 
way Of looking at the error in our dial gauges than 


assuming that we're going to have an error of 1/1000ths 
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Q For highways. You wouldn't suggest it for 


Clark, Morgenstern, Slusarchuk, 
Harlan, Hoekstra | 
in CHLGE 

every day as the test goes along or time, the length of 

the pipeline, duration of the pipeline. 

With regard to the one-half 
inch now, this amount of heave is of absolutely no 
Significance to us. | 

Q Thanh yoOup tbr. Slusarchuk.| 
i'd lmke fomtunrnd tosbryHarlan nowy and to the *subject 
of Dr. Williams' statements that there are other 
approaches to predicting frost heave, and to put that 
an context snivlishavé*to%read, ‘ME: Commissioner, about 
three pages of Dr. Williams' evidence. They start at | 
page 10304 and gone page 10307 JecAG “page 10304, 
line 6, the question, cross-examination by Mr. Marshall 
again: 

76 Do you know of any other way to predict frost heave, 
a way different from that proposed by the advisors 
to IAr.ctiecGas? 

A Well, there's a variety of ways that are used 
both in practice and have been suggested exper- 
imentally. Of course, the highway engineers 
habitually measure the grain size composition of 
the soil, it is a method that is not really | 
aetenotieie theoretically but it works roughly 


for the highway people. 





pipelines? | 
A Well, I mean you mustn't throw out these | 

elementary approaches because in practice 

you often can't do anything more sophistocated 


but it can never be an exact test, the grain 
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Harlan, Hoekstra 
In Chief 
size conposition procedure. People have tried 
other tests based on -- 
Excuse me, this is really frost susceptibility 
criteria that you're talking about here, rather 
than frost heave? 
Ves eee EhOugnt that's what you meant. 
No, I meant really predicting frost heave. 
The actual quantitative amount of heave? 
Les. 
Do I know an alternative test? 
Yes. In an alternative technique. 
Yes, there is the strictly theoretical approach 
in which you take a number of input parameters, 
which you determine individually, they're very 
numerous: and Dr. Harlan, of course, knows all 
avOUR tis =-— sand DT mean that approach isi, I 
think, excellent. 
That Ae help me very much because it just 
tells me it's a theoretical approach involving 
a number of input parameters and where does that 
take me? 
I can tell you where it doesn't take us. The 
weakness lies in the accuracy of the Input parameters 
that we have to determine. 
And having something to test them against? 
Not test them against exactly, but if you have 
one of the input parameters, the thermal conduct- 
ivity of the soil, and the question at once 
becomes how good, how good determinations can we 


make of thermal conductivity of soil? 
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Q Does that exhaust your list of alternative approa- 
ches? 

A Well, I mean, I have said there's a theoretical 
way and there's an experimental way. The pro- 


cedure here, of course, is the experimental. 





Havyeavyou, —= 
A I would say exclusively almost. 
Q Sir, you mentioned the theoretical approach as 


constrasted with an experimental approach, and 





I was wondering whether you have in an actual 
engineering situation employed such a theoretical 
approach? 

A No, I don't believe anybody has attempted to 
provide engineering solutions using a theore- 
tical approach full out. I mean, one uses 
engineering judgm-ent and all that sort of thing. 


Q So you wouldn't then be able to, by reference to 





a specitic concrete example,’ field~exampie, 1 
suppose, be able to tell us about methodology 
or the exact situation. None to your knowledge 
exists. 

A You mean -- 
On the point being theoretical. 

A Could I tell you or refer you to somebody who 


would"“doritt tor” you? 


Q No, who has done it, sir? 
A No, no. 
Q Well, if you were faced with the challenge of 


predicting frost heave for a chilled pipeline, 





which approach would you tend towards? 
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fin Chier 
A If I was asked to predict quantitatively 
#1) the amount of heave for a chilled pipeline, 
: I'm afraid I would decline the job." 
: And that's the end of the quotation. 
: Now, Dr. Harlan, back at page 
a 10305 there is a mention of a theoretical approach 
by with which you are alleged to know all about. Can you 
ai comment about the theoretical approach to the predictio 
? of frost heave? 
10 WITNESS HARLAN: 
’ A Ves. 
sat Q Generally on that 
Me passage from Dr. Williams' evidence. 
13} A I would summarize it 
this way, I would simply state that to the best of my 
a knowledge a theoretical approach for predicting frost 
cial heave under various soil, temperature and moisture 
“a conditions has not been developed. Further, there is 
not general agreement on an acceptable theoretical 
ap approach. 
- Q And are some of the 
ae Giciaculecies outlined by Dr. Williams himself in that 
a pasage I read? 
cat A Yes. 
ae Q TherditriculLty of 
oa . defining the parameters. 
i A That is correct. 
om THE COMMISSIONER: You are 
ac at one with Dr. Williams there’ then, I take it. 
~ Piet etemtiat. there Lent -= 
eet | A No, I think we're just 
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opposite. 

Q Oh, \he thought that your 
approach was, OK, but you. Say <= 

A Well, that's quite a 
compliment. 

Q Yes, and one that no one 


else in the field is prepared to pay you. 





A Tn Attss TL hits, 
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In Chief 


MR. GENEST: 
yes, it is a little 


difficult, I don't know what Dr. Williams means there. 
At 253 05“her carats ie an excellent approach, but 
then he == 

THE COMMISSIONER: He says 
the difficulty is determining the parameters or 
agreeing upon them and I suppose that is where it 
breaks down. 

A Wes "that is "correct. 

MR. "GHNE SE: 

QO Dr. Slusarchuk, have 
you in your research encountered any method other . 
than the one that you have developed that has been 
evolved to predict frost heave? 


WITNESS SLUSARCHUK: 


A NOY salir Sno oS 145, 
P**taven "tc. I have talked with many people involved 
in frost heaving and without exception they have 


informed me that they are not aware of any method 

other than the one that we have developed to predict 

the amount of heave for our chilled buried pipeline. 
THE COMMISSIONER: Well, 

Dr. Slusarchiufk, let me ask you this, are woe 

you developed this method to predict frost heave -- 


A Well, we at N.E.S. at 


any rate, yes. 


Q mis’ chan. eeby “you * I 
meanthe whole Arctic Gas, N.E.S. group. 
A Yes, sir 


ro Now, you have develoned 


| 
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Harlan, Hoekstra 

In Chief 
this method for predicting frost heave. Are you 
pioneering or do you say that that is a method that 
others have used successfully in the past? 

A Well, it may be 
pioneering in one sense, but the basic fact that 
overbuden pressure, and nominal amounts of overburden 
pressure, would dramatically reduce the rate of 
heave has been known for years. We have searched the 
literature and we have got evidence, it goes back 
to Besco in 1930. We had two of our people that I 
have referred to, McRoberts and Nixon have searched 
the literature for that. They have found evidence 
as far back, as I say, Besco, there was work by 
Lenel and Kappler from Cold Regions Research that 
suggest the same thing. Aikin did some very nice 
tests up in Alaska where he actually loaded large 
areas with different weights and just naturally let 
it freeze and saw that they heaved at different 
rates. . We have looked at Russian literature and 
we have picked out of there the very same thing and 
ehe concept etomme, Sir, 2s not unique, 1. 1s not 
particularly novel and it is certainly not pioneering. 

e In my view, the one reason 
that people have not really taken advantage or 


made use of this sort of approach is because they 


“have never had a situation that is really amenable 


or that really helped them a lot. They are always 
building highways or airfields where the loads were 
low. They were dealing withskating rinks or freezers 


where they couldn't withstand much differential heave. 
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In’ Chief 


We are talking about a pipeline that can stand a 
fair amount of differential heave. 

We are talking about a pipeline that we can put 

a fair load on the frost front and when you combine 


those two factors it gives the ideal situation to 


take advantage of what has been known in the literature 


for years. 

WITNESS MORGENSTERN: 

A There is, 1 think a 
pioneering element. While the principles as Dr. 
Slusarchnk stresses are well established, well recog- 
nized, the pioneering component is the systematic 
integration of the frost heave tests that we understake 
to predict heave with time. That is a pioneeing 
element. 

THE COMMSBSIONER: No one 
regards this as something personal, Dr. Slusarchuk, 
you know, we are. here to challenge the things that 
you people put forward to see if they do stand up 
tO. SCrutiny. mnere are sometimes limits to what 
technology can do. A famous architect in Boston 
designed a tall building recently that he must have 
done something wrong because the windows keep blowing 
out and it is boarded up now, but -- 

WITNESS SLUSARCHUK: 

A Well, I apologize 
if I make it sound like TI am taking it personally, 
DUtI=— 

| THE COMMISSIONER: . No, you 


are entitled to get quite heated -- 
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1 MR. GENEST: Chilled is the 
2 word, S11. 
: e A My honest view is that 
ies the basic material is not pioneering . Now, Dr. 
2 Morgenstern feels it is a little more pioneering than 
6 I do. “Thateas: haseview! 
v Q I would like to move 
8 to the subject of differential heave that Dr. Williams 
9 spoke about, and again if I can quote from his 
10 testimony at page 10252, which was near the beginning 
laa of the Yori At the top of the page the question, -- 
12 that was his examination in chief. 
13 Question: 
14 "Dr. Williams, you have briefly mentioned 
15 situations where large differential 
16 heaves may occur. I wonder if you could 
17 elaborate on the matter, particularly with 
18 reference to the potential pipe deformation 
i in’ excess of the limits of permissible 
20 curvature laid down by Canadian Arctic 
21 Gas. What kinds of situations have the 
22 highest potential for differential 
23 heave?" * 
24 Answer: 
eo "Well, firstly, I think that one should 
26 be aware that the two anda half feet 
27 in 100 feet permissible curvature of 
28 the pipe can be misleading. I don't 
29 








think any of the specialists in_volved 


really think that there will be a 
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In Chief 

:! uniform, smooth, slight curvature of 

2 the pipe over the 100 foot lengths. 

3 Rather we are concerned with inflections 
: over relatively short distances and if 

5 one instead talks of three inches in 

6 | ten feet, one realizes that the guidelines 
a. are quite demanding. Now, an example 

8 of a particularly bad situation would, 
9 I believe, be where the pipe rests on 
10 bedrock or perhaps coarse gravels, that 
11 is something that is not very susceptible 
LZ to heave at all, and then moves into 
13 very susceptible material so that one 

14 might have a transition from rock 

15 and proceeding further into, say, 

16 fine, silty material. Now there will 

17 be no heave where the pipe lies on the 
18 mock. andeto,ensure: thatesin, the first 

19 ten feet in the silty area there not 

20 be- three; inches of-heave,.that is 

21 very difficult. Most people experienced 
22 in frost heave certainly wouldn't 

23 regard the three inch heave as large 

24 and yet this heave must, to meet the 

a guidelines be prevented by some means, 
26 | presumably in the eyes of Northern 

27 Engineering Services by application 

28 of shut-off pressures. To keep 

29 differential heave down to three 

30] inches in ten feet , at points of 
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Harlan, Hoekstra 
In Chief 


transition between heave prone 
material and those not prone to 
heave at nile te a very demanding 
requirement." 
Could you comment on that, please, Dr. Slusarchuk? 
A Yes. From this I 
understand Dr. Williams to be saying that it is 
difficult to predict heaves in soil alone to an 
accuracy of three inches over a length of ten 
feet and he implies that the pipe will be over 
Btrained in many cases because of it. 
As an example of a 
particularly bad situation, Dr. Williams cites the 
case where the pipe goes from bedrock or a non- 
heaving zone abruptly into a heaving zone and states 
in effect that to ensure that in the first ten 
feet in the silt area there not be three inches of 
heave would be certainly difficult. 
A statement such as that 
is quite misleading because it assumes that our 
Papen walle not Litt sOfteits bedrock base, as indeed 
our calculations have shown that it will, because 
the pipe is very stiff over lengths of ten feet. 
The actual allowable differential heave for a given 
length of heaving pipe can only be calculated from 
a detailed pipe soil interaction analysis. Northern 
Engineering has developed procedures for undertakinc 
these analyses and. they will be applied to conditions 
along the right-of-way. 


Q | In other words, let's 
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see if I understand that, if you have got a pipe which 
is dug in a trench and itis, filled te~ if-it-is.in 
bedrock -- it is filled with backf£ili, andeit is 

coming out of the bedrock which is not frost 
suscectatie into a very soft frost susceptible soil, 


that is where you get your point of differential 


heavings-SO,the. frosk, susceptible ;soid) wild, ditt the 





Pipe at that point, but what you are saying is 





thatia thenpine,. thus all the stresses won't be 
applied there, the pipe will lift along the bedrock , 
along the trench in the bedrock. 

A Yes, it does. 

Q So do you agree ney 
that these are very demanding requirements that N.E.S. 
has laid down? 


A Well, I think the 





requirements are demanding in some respects, but not 


to the degree that Dr. Williams is implying here. We 





have established the criterion of differential heave 
along the pipe and it allows us to have fairly sub- 
stantial heat. I think I said before something like 
two and a half to four feet over lengths of 100 to 
150.feet, so. in my view it is still a reasonably 
demanding criterion, but not an unacceptably demanding 
criteria. 


O Phamk-vyous.s + Drs 





Morgenstern, if I may turn to you now, sir. 
I..wanketo anvates your 
comments on -- 


THE COMMISSIONER: Well, 
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BURNABY 2, B.C. Clark, Morgenstern, Slusarchuk 
Harlan, Hoekstra 
In CHief 
fl maybe we could stop for coffee. 
2 | Excuse me, how are we coming 
3 | along? 
4 | MR. GENFST: Sir, I think 
5 | I have another half hour. 
6 | THF COMMISSIONER: Oh, fine. 
7\| And then you propose to adjourn until tomorrow? 
3. MRoysCGun: TT think thar 
9 | rs the plan, Sir. 
10 THE COMMISSIONER: And who 
Il} are we hearing tomorrow then? 
12} MR. (GhNEST? Sar, L am prepared 
13] to go ahead with Mr. Williams' rebuttal evidence - 
14 | what we have heard to date. 
15 | THE COMMISSIONER: On 


i) construction. 











17 | MR. GENEST: On construction, 
18 reserving my right to rebutt later what Dr. Adam has to 
19) Say on that subject. I understand from Mr. Templeton 
20 that they would rather not go ahead with Dr. Adam's 

ai cross-examination tomorrow. 

D2 THE COMMISSIONER: Fine, well 
pag) then that would complete the evidence this week. Then 
sau) WhdtetS the program for .-— we. wouldn't sit Saturday 

25 | Chen. 

26 | , MR. GOUDGH: That 1S correct, 
an Sir, and we would begin next week with the witnesses 


28} from Alaska who are arriving Monday morning and will 





| be available for the usual one o'clock starting time 
| 


SO on Monday and they will be followed by Dr. Hughes 
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Might consider as well getting in touch with Dr. 


Harlan, Hoekstra 

In Chief 
who will reappear for cross-examination and following 
that Mr. Anthony has two witnesses to appear for 
examination in chief and cross-examination and I think | 
that all the parties have summaries of their evidence 
and following that we would fone to hear the 
Arctic Gas evidence in chief delivered by a spokesman 
OL Ewe on cnelr Tirst phase 11, Lil panel. 
m think that 2S a full week's. work, sir. 

THE COMMISSIONER: Wh oO are 
the witnesses from Alaska Monday? 

MR. GOUDGE: Dr. Weedon and 

Mr. Parker -- or Mr. Weedon and Dr. Parker -- I can't 
remember which it is. 

THE COMMISSIONER: Commissioner 
Parker and Dr. Weedon. 

MR. GOUDGE: nee Sti ake 

THE -GOMMLSSTONE Rs: Aull rach. 

MR. GENEST: And perhaps 
I can discuss with my friends when this panel will 
return for cross-examination. 

THE COMMISSIONER: Well, when 
this panel returns for cross-examination, you mioht | 
consider and 4 leave it is entirely up to you, Mr. 
Scott, and yow,' Mr, Goudge, that you might. consider 


bringing Dr. Williams back when you cross-examine. You 
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In Chief 
it MR. SCOTT: Before we add 
5 to the witnesses, Mr. Commissioner, ne. | 
I should tell you that Mr. Williston, who is giving 

3 evidence for El pase in Washington next week on the 

4 administrative procedures in Canada, phoned me to ask 

3 how long we were taking, and I said we were moving 

6 | along very quickly and would be through very soon. 

7 (LAUGHTER) | 

8 THE COMMISSIONER: Well, can I | 

9 have that in writing? 

vi P Well, let's adjourn for coffee 
11 then. 

ee (PROCEEDINGS ADJOURNED FOR FEW MINUTES) 
13 |, (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) | 
14 THE COMMISSIONER: Well, I've | 
15 had my tea so we can start again. | 
16 MR. GENEST: Q Dr. viseneent 
i at the break I was directing your attention to some | 
ae criticisms of Dr. Williams, they were sort cf general, 
19 about prcepencaghy oe has been used by Arctic Gas or 
Dye. ean tLe wanaling OF its approach to the | 
os frost heave problem. Perhaps without reading at 
22 length from the transcript, I could summarize, and the 
oy transcript eo eared aLenpedee lO. 30, LUS1C,. 105205 
“Sd and in general Dr. Williams has criticized Northern 
43 _ Engineering for taking’ somewhat narrow and strictly 
=a imperical views of the problem. He has criticized 
“4 us for not having paid more regard to theoretical 
“8 knowledge, and he has criticized -- well, he's repeated 
a again his criticism that we've gone at the whole accent 
a4 in an imperical fashion. Do you have any comments | 
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on that critique? 

WITNESS MORGENSTERN: Yes. 
The presentation of our position today indicated that 
we have consulted widely, and I. hope demonstrated that 
we're well aware of the various theoretical develop- 
ments related to frost heave. I can't accept the 
criticism that our view has been narrow, and moreover 
I wouldn't apologize for our imperical developments, 
particularly when they provide an engineering solution 
TO. aecicri1cults proplem. 

We all agree that the funda- 
mental processes going on in freezing soils are 
complex, and when ae approaches them from a thermo- 


dynamic point of view, or from a mechanical point of 


view, there has been no theoretical procedure developed 


capable of predicting the amount and rate of heave, 
encountered by this pipeline other than the one we 
advocate. It's often not possible to find a solution 
to an engineering problem other than in an imperical 
manner, I think this is particularly so when we 
deal with natural materials and natural processes. 


The methodology, procedure, conceptual framework that 


we've adopted here is fairly typical of much engineering 


research and development. Northern Engineering and 
Arctic Gas adopted a test, this was a frost heave test 
undertaken in a laboratory, that is felt to be 
characteristic of the total system of freezing, of 

the soil close to the conditions that it will 
experience in the ground when the pipeline is in 


operation. The configuration of the test has been 


Clark, Morgenstern, Slusarchuk, 
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. we've developed a method of calculating heave with time 


Clark, Morgenstern, Slusarchuk, | 
Harlan, Hoekstra 

in hier 

assembled in a fairly conservative manner to ensure 


that abundant water is available, and so on. Various 





sensitivity studies that probed into how the results 
of the tests are sensitive to one thing or the other | 
have been undertaken so that one can explore how 
reliable are the results of these tests, depending 
upon the conditions that are controlled. 

From the testing and the 
analysis, or the inspection, the scrutiny of this test 


of the ffost heaving system, we conclude that the 





relationship between heave rate and pressure is a | 
legitimate characteristic of that system that is being 


embraced by the tests, and all of the complicated 


processes of pulling forces and the water migration and 
things like that that are certainly a matter of ongoing 
fundamen_tal reserach, are occurring within the test. 
The key simplification that we arrive at is that for 
all practical purposes under the conditions that the 
pipeline will encounter, heave rate is primarily a 
function of the applied pressure. Ultimately the 
shutoff pressure suppresses it and as we know, if it is 
less than shytoff pressure you get some heave rate. 


Utilizing this result, this 





test, this characteristic of the freezing system, 


as the frost bulb advances and Dr. Slusarchuk illustrated 
some 0 f the predictions. All of that work has been | 
a systematic development, and for a key problem such 


as this we would have been quite remiss if we hadn't 





checked our procedures under prototype conditions. 
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Harlan, Hoekstra 
In Chief 
x This has been done with great | 
2 care a the Calgary test facility, and again Dr. Slusar- 
3 chuck has brought us up to date on the results of that 
4 set of experiments, under field conditions prototype 
5 scale. 
6 I'd like to stress once again 
a that the duration of this testing is now 18 months, 
8 I'm certainly comfortable in feeling that that duration 
9 of testing is representative of the duration of the 
10 lifetime of the pipeline, that the trends that have been 
it established, the things we've learned, are characteristi 
12 of what will go on for just say, another factor of 10, 
13; longer time. 
14 Moreover, we're comforted 
15 by the conservative nature of the comparison between | 
16 our imperical theory and the behaviozr of the test | 
17] facility. I'd like to emphasize that ee Our pre- 
18 dictions at this time are all on the safe side. We 
19 feel that they give us acceptable engineering solutions | 
20 but also on the conservative side. We hope to find | 
ei cue lists (?) over the next while to make 
22 them perhaps slightly less conservative point in the 
23 economy. This-- whether this will be achieved or | 
24 not remains to be seen. | 
25 So this imperical approach 
26 provides an acceptable engineering solution to a 
27 difficult problem. I am proud of the impericism and | 
28 am in no way ashamed of it. I'd like to stress that | 
29 it doesn't ignore current theoretical concepts but 
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Harlan, Hoekstra 
In Chief 


solutions. I'm stressing pefhaps a slightly different 
emphasis of engineering research and development as 
opposed to fundamental scientific work. 

Q Thank you, sir. 

Dr. Clark, can you summarize 
for us the position really of your panel, of N.E.S. 
with reference to the evidence of Dr. Williams,and his 
thesis, and the effect of our work on frost heave? 

WITNESS CLARK: Yes. Well, the 
purpose of this rebuttal evidence has been to deal 
with specific points raised by Dr. Williams regarding 
the experimental work and computations carried out by 
Northern Engineering Services in regard to frost 
heaving. Now the purpose of Dr. Hoekstra's and Dr. 
Harlan's rebuttal evidence was to illustrate that the 
thermodynamic relations used by Dr. Williams are not 
intended for that purpose, and are not in keeping with 
the vast amount of scientific information available 
in the literature. 

Pr. Williams claims that N.E.S: 
has neglected the theoretical and experimental work 
available in the literature, and this 1s a rather 
Surprising statement, from Dr. Williams, since the 


literature that he refers to in his direct evidence 


is predominently that generated by Harlan, Hoekstra 


and Miller. Dr. Williams is aware the Harlan and 
Hoekstra both work for Northern Engineering Services, 
and he's also Eee eate they are equally as familiar 
with the vast body of scientific literature as Dr. 


Williams himself is. 


Clark, Morgenstern, Slusarchuk, | 
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Clark, Morgenstern, Slusarchuk, 
Harlan, Hoekstra 
In Chief 
in -additvonm, Dre -oLusarcnuk 
mentioned many other researchers with whom we have 
discussed frost heaving. Empitereein Dry Weilivams* 
evidence is that heave is much greater than that calcula+ 
ted by N.E.S. In fact, the opposite is true. As 
shown by Dr. Slusarchuk, the method developed by N.E.S. 
over-predicts heave. The major effort which N.E.S. will 
be conducting on frost heave between now and the start 
of construction will be to refine the predicted model 
so that the designs are not overly conservative. 

Dr. Williams refers to a 
theoretical model which can be used to predict heave. 


When posed with the question to whether or not he 





has ever attempted to predict heave, he responded that 
he had not, and also indicated that if asked to do so 
that he would decline. 

Dr. Williams has an fact 
made a Srenielion in-his’ testimony: That is that’ at 
will be greater than what we of N.E.S. have predicted. 
There is no theoretical or experimental data available 
in the literature to support Dr. Williams' view. 

in Our opinion,= the vast 


majority of the theoretical and experimental work 


carried out on frost heaving supports the N.E.S. 


approach. 


To our knowledge, the method 
that has been developed by N.E.S. to predict the rate 
and amount of heavé is the only model that is available | 
to carry out’ such’ ‘computations. The experimental 


work” **7, has been carried out both in the laboratory 
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and in the field; the results from the short term 




















1 

3 tests which Dr. Williams criticizes, are supported 

3 by both laboratory and field tests which have been 

4 carried out over periods of time, 4,000 times longer 

5 than the short term test. The results over this very 

a wide time scale are consistent. 

| The main thrust of Dr. Williams’ 

3 testimony appears to deal with the very high pressures 

9 that can be developed when soil freezes. He appears to 

10 have completely ignored the effect of heave movement 

ll in gonclvel these pressures. We have never taken the 

12 position that heave is going to be stopped completely 

13 Our position is that it can be kept within tolerable | 
14 limits, and those limits are known. Design measures | 
is to inhibit frost heave that have been proposed have 

ié actually been field tested as illustrated by Dr. | 
i7 Slusarchuk. They clearly indicate that frost heave | 
18 can be controlled. Neither the cost nor the eng cine oan 
19 impact ‘is prohibitive. 
20 Dr. Williams” ‘contention that | 
41 N.E.S. has ignored the action going on behind the 

22 freezing boundary, that the growth of ice lenses in 

33 frozen soil, fs not correct. This has not been ignored, 
a4 | but it's been assessed in detail and found to be so 
a6 small so as to be of little consequence. 
28, ; The shutoff pressure that ar | 
a7 deals with is that pressure which will prevent water | 
28 | from entering the frozen soil and forming ice lenses | 
29 in the region of the freezing front. This is the major | 


30 component of frost heave, with which we are concerned, | 
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‘ In Chief 
- and it's the one that is in an engineering sense, it 
a must be dealt with. The action behind the freezing 
: front is of considerable scientific interest, but has 
: very little engineering application. 
: Fimally, 1° d like’ to sey that 
,| I believe that the frost heave program that we have 
; put together have resulted in us being able to reasonab 
; predict the heave of the pipeline. 
c Q Thank you, and perhaps 
a in conclusion Mecanlwaste VOU, vl clark, andialso. Dr. 
as Morgenstern, whether or not the evidence of Dr. 
13 | Williams has raised any doubts in your minds as to 
i whether we can construct a buried chilled pipeline 
He and adequately control the frost heave problem? 
ie A There's no doubt in my 
e mind, the pipeline as presently conceived can be built 
m and can be operated safely. 
ae WITNESS MORGENSTERN: I concur 
Ns Wiltn Di.e Clark. 
om MR. GENEST? (0 I'd dike to 
aS move very briefly, sir, to -- Mr. Commissioner, that 
os concludes, I-may say, our rebuttal evidence to Dr. 
oe Williams' testimony. I have some, two questions in 
os rebuttal to the Foothills' testimony related, mainly 
me it is concerned with Mr. Claridge's testimony on 
27 slope stability. 
4g Dr. Morgenstern, perhaps 
29 again without reading long excerpts from transcripts, 
30 | the references are at page 9438, 9450, 9589, 9590, in 
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Clark, Morgenstern, Slusarchuk 


Harlan, Hoekstra 
In Chief 


those parts of his testimony Mr. Claridge, on behalf 
of Foothills, has challenged the usefulness of the 
thaw consolidation theory in practice. That's our 
old friend, C sub V again, for evaluating slope 
stability, and he has criticized some of our field 


measurements Of pore pressures stating that we have 


arrived at mistaken conclusions, using dubious testing. 


Can you comment on this 


criticism? 
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Clark, Morgenstern, Slusarchuk 
Harlan, Hoekstra 
In Chief 


WITNESS MORGENSTERN: 
A In my view this testimony 


is in itself misleading and in order to correct the 
record I would like to decribe briefly what the 
theory of thaw consolidation doeg what observational 
support we have for it and what is its role in 
practice. Unfortunately as Mr. Genest indicated 

we must return to our friend C sub V. 

I will do that in a momem_t. 

Before that I want to remind 
Vounesznpparrti mays tLhatbethe importantliorigrn tot 
strength of soils residesiin fractions sSonlseare 
frictional materials and hence their strength 
depends upon the load or stress that is carried by 
the particles, transmitted between particles in the 
soils 

If for a given applied loadina, 
loads placed on the soil, more of the loac is carried 
by the water in the soil then less load will be 
carried by the particles and hence the soil will be 
weaker. On the other hand, if we get rid of the 
load carried by the water or the water pressure, 
we increase the load of the particles because they 
are frictional in their interaction, then the soil 
becomes stronger. 

So in order to evaluate the 
strength of the soil we wish to find out how much 
load is carried by the water and how much by the 
Sor... Chess something tha €Gns1 idf concern -*t0' Ws} 
and unfrozen soil mechanics is of concern to us when 


we inspect the behaviour of permafrost subjected to 
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1 thaw. 

2 If I could show a little 

3 figure to put into context how the theory of thaw 

? consolidation relates to what I am talking about. 

3 The figure on the left is 

6 illustrative of the platform or piston that is carrying 

7 a load and is supported by two peri naee ft  put 

8 this forward to illustrate how load is carried in a 

9 mechanical system depending upon the relative stiffness 
10 of the supports. If we put a load on this system 

11 and this is a soft spring in that it has to deform 
12 a great deal to develop any load carrying capacity; 
13 whereas this is a stiff spring, it deforms very little 
14 to get to a substantial load carrying capacity, then 
15 most of the load will be carried by the stiff spring 
16 and Jittle load will get into the soft spring. 
17 Now, the relationship between 
18 thateandva Soll; a thawed sorvll, is here, that the 
19 presence of water in the thawed wig ne sense pi eke ya 
20 rather low compressibility behaves like the stiff 
21 Spring, sO 1f you put a lload on this piston, the 
22 spring here represents the soil skeleton, the analogue 
23 of the reality to the analogous stiff spring here is 
24 the water and load will be carried at the outset by 

25 the water, and little Loaiwi1 be carried by the 

26 *skeleton. 

2] AG ie. Load + 

ae . THE COMMISSIONER: Excuse me, 
29 oh, yes, by the skeleton. 

30 





A Yes, this spring -- 
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MR. GFNEST: That is the 
soil without water. 

THE COMMISSIONER: Yes. 
Thank you. 

MR. GENEST: Well, thank you. 

& Thank. ou both. 

The soils are you know are 
porous materials, they are permeable, they have a 
high hydraulic conductivity or permeability as we 
sometimes call it and this little hole in the piston 
reflects, illustrates mechanically the role of 
permeability. If there is a high pressure in the° 
water, then water will squeeze out of the ‘hole, the 
load will be transfered from the water on to the 
spring, the soil will compact or consolidate and 
it will accordingly become stronger. The strenath 
then depends upon the relative portion of load 
carried by the water and the spring and this is a 
dynamic process governed by the propensity of water 
under pressure to drain out of the porous material. 

This process of drainage 
and transfer of stress within the system is governed 
or described in terms Gt thesparameter C sub V 
which algebraically is the ratio of the permeability 


to essentially that spring stiffness. So the 


thrust of our research on thaw consolidation over the 


past few years has been to find out how the process 
of load transfer in a thawing soil occurs. We know 
a great deal about normal soils and the mechanics, of 


defined. : : 
these for instance, are ‘well In the thawing soil 


Clark, Morgenstern, Slusarchuk 
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the load is put in the soil as thawing occurs and 
this transfer of water pressure and stress in the 
soil results, and the theory of thaw consolidation 


quantitatively tells us what happened. 
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Now, over the 


past few years we have developed the equations, that 


govern this process of thaw consolidation for a variety 


of configurations that we meet in practice, equations 


that have been derived and they've been solved and 


put into useful form, and we have developed laboratory 


equipment to seek confirmation of the theory and to 


take measurements and to see whether we observe what 


was predicted, and we find excellent agreement. So that 


as a result of that activity we have developed con- 


Siderable understanding into the process of pore 


pressure generation employing soils, and we've applied 


this to several design problems. One context in 


which wire talking is the analysis of slope stability, 


because clearly the strength of the soil is a function 


of how much water pressure is in it, and that's been 
one of our applications. 

We've also applied it to a 
consideration of the design of a buried warm pipe- 
line, and the process of settlement and differential 
settlement to be governed by the water migration out 
of thawing soil, that's another application. 

We have applied it as well 


to the problem of the design of a dam on permafrost 


_ when you impound a reservoir of warm water on permafros 


you generate thawing, the foundations might become 


weak because of these processes we're describing. One 
is interested to know whether the dam would be stable 


or not. These are some of the applications of the theory. 
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We have obtained excellent 
field evidence in support of the theory from studies 


| 
| 
| 
that we analyzed, our studies of the results of the | 
| 


observations Of pore pressures developed at the Inuvik 





test Voop , whichis the “test “Woop “undertaken by 





| 




















6 | Mackenzie Valley Research, the oil ‘pipeline people, some} 
7| years ago. They instrume._ted in this buried warm | 
8 | pipeline and measured the pore pressures generated | 
9 during thaw. We've interpreted this, utilizing the 
10 eheory, thac Lf “am reviewsngriefly, and find that excel- 
Il lent agreement has been obtained so that there is this 
12 | good field support for the theory. 
ES Now with respect to slope 
14 Stability, this provides us with a conceptual framework 
15] wherein we can evaluate the relative effects on 
£6 | stability of altering the thermal regime, changing the 
1? rate of thaw, the influence of ground ice characteristics, 
18 the influence of different soil properties, such 
19 | as the strength of the soil, co-efficient consolidation 
20 of C sub V. That, then, is the result that we get when 
21 we apply this to slope stability mechanics. 
22 The theory of thaw consolidatio 
23 is simply a eee extension to thawing conditions | 
24 | of the concepts that are well accepted and in common | 
25 | use in conventional soil mechanics. Now, if one didn't | 
26 have this theory and if one were to rely only on 
27 | field measurements of pore pressures, to give you an | 
23 | understanding of what goes on in thawing conditions, | 
| | 
29 | you would be limited because yaiwould not have a sound | 
30 | 





=i basis for assessing what happens when conditions 
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‘and Claimed that there was no additional field data on 
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change. You're just limited to getting the data from 


Clark, Morgenstern, sie di 





the locations that you can -- which you can take 
measurements, you don't have a theoretical framework 
to relate this to conditions such as what happens 
when you accelerate the rate of thaw, things of that 


kind. So the view that one will concentrate on, field 





measurements to get pore pressures, has that limitation. 
There is also a view that 
Suggests one will rely only on the permeability of the 
soil to understand the pore pressure behaviour during 
thaw. Now that, in my view, just looks at half the 
physics and my experience results in an unacceptable 


approach to understanding pore pressure behaviour during! 
| 


| 
if 


thaw and results in fact in conclusions that can be 
on the unsafe side. 

Those who have been studying 
the behaviour of thawing soils feel that C sub V can 
be evaluated with about the same accuracy as with 
comparable unfrozen soils, and hence employing thaw 
consolidation concepts contribute significantly to our 
judgment in the design process. 

Now, Mr. Claridge challenged 
our measurements of high pore pressures, particularly 
in the Fort Norman land slide, which was one location 


that was a matter of some research a few years ago, 


slopes which substantiate theory. In our research | 
| 
work, we cited evidence of high pore pressure measurements 


as supportive of the fact that thaw generates high 





pore pressures and can give rise to instability. 
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1 He invited correction, if he 

zs is wrong, and it's fallen to me to offer some correction. 

The data that I'm trying to cite at this time were all 
poe inet he | we as 

4 | available/literature at the time of his evidence. 


5 There is another case record 








6 | of measured high pore pressures that is cited ina 


7 || paper by McRoberts and Morgenstern, myself, on the | 





8 | Stabidity of thawing Slopes, and it's one that Mr. 


9 Claridge himself refers to in his evidence. 
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In that paper we cite 
observations by Chandler of the study of slopes in 
Westspitzbergen using a piezometer or measuring 
device very similar to the one that we used in the | 
Fort Norman landslide. Chandler also measured pore 
pressures of a similar magnitude to the one that 
we did. 

Claridge further criticizes 
Our measurements because they did not -~ were not 
undertaken for/‘sufficient duration, they didn't allow 
time for some of the influence of actually installing | 
the instrumentation to dissipate or to disappear and 


the same paper that I have yjust cited presents several | 





other measurements that clearly indicate that t he 
test data that we presented reached equilibrium at a | 
terminal value. These pressures rose or fell to a 
certain stable value that was characteristic of 
conditions in the ground and not of the method of 
installing the instrumentation. 


Rather than dwell on the 





details of measurement, I finally add that any | 
doubting of the reliability of the readings, and the | 
message we @raw from the readings is that high | 
pore pressures exist and the soils are weak accordingly, 
could we set aside, if one studied in detail or 

read the report by McRoberts and myselfya study of 


landslides in the vicinity of the Mackenzie River 





Mile 205 to 660. This is Environmental Social Committee,| 


Northern Pipelines, Task Force on Northern Oil Development 


Report: Noy. 73=35. 
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5 I might just draw a few | 
: excerpts from this report that describes in some : 
: detail the conditions under which we made our | 
: measurements, I am referring now to measurements 
2 being made in the Fort Norman landslide that Mr. Claridge 
°| Was SOvCEI tical ‘of. | 
7} Certain tests were obtained, 

ey were made using the simple expedient of 4 | 
? hand probe, that is, we just push something in, on 

a probing the very low effect of stress conditions | 
ee were apparent. That is to say, there was low stress | 
= in the soil, the soil was weak. ; | 
et Little resistance to ee 
oa was met over the entire depth. Another description | 
‘S of some of the conditions in this site. Small mud 

6 boils up to three inches in diameter pit the surface 

se of the silt run with waters slowly eee es oat from | 
oe the boil praver a This is clear visual evidence of | 
ee artesian flow upwards in the material which is | 
a exactly the condition that we drew attention to in | 
Ee our measurement, the water flowing upwards, one 

22 


doesn't have to make a measurement to actually 


23 f ; é 
discern it. 








a About half an hour after the 

a probe piezometer was withdrawn from location P-1l a 

pe mudboil began to form in the hole vacated by the | 
= probe, a definite "plopping" noise could be heard and 

ais once the silt settled in the small puddle, a mud boil 

mo was found. Again, evidence of high pore pressures, 

i consistent with our observations. 
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Harlan, Hoekstra 
In Chief 
A final one and there are 
others in this detailed description of our field 
studies. ' 
"As excess pore pressures were measured 
it was evident that the soils in 
which measurements were made were 
very soft and could mobilize little 
sheer strenoth. As a result it 
was impossible to place the 
piezometer in the soil to be 
tested immediately adjacent to the 
operator. On the other hand, little 
thrust was required to insert the 
piezometer to the desired depth. 
This problem had been anticipated 
and a relatively long 25-foot lead 
was provided. The piezometer was 
placed by’ lashing the top of the 
rod at right anales to a long 
pole and allowing the piezometer 
to slowly sink under its own weight 
Intowche soil.” 
The message there, you couldn't walk on the ground, 
it was so weak, the water pressures were so high, 
the strength and the frictional material was so low 
that we had to put the device on a rod and stick it 
in at at distance. 
So there is abundant 
evidence then in my mind, for the existence of high 


pore pressures. However, I would like to add that the 
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Harlan, Hoekstra 
Tn (Charest 


conditionsthat we are measuring, encountered at 
the Fort Norman landslide that I have just cited, 
are Very severe and by NG, means representative Of 
naturally stable slopes, the site was studied for 
scientific purposes and represents the worst possible 
case. These conditions are certainly not applicable 
everywhere, but I would emphasize that there is abun- 
dant evidence in support of the existence of high 
pore pressures. 

0) Thank you, Dr. Morgenstern 
My last guestion in connection with the Foothills 
presentation revolves around the quotation from 
Mr. Claridge&S evidence at page 9511 of the transcript 


which I will read. It is at line 14 and I quote: 
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Harlan, Hoekstra 
In-Chief 


"T would say that my concern is perhaps they, meaniz 
N.E.S. or Arctic Gas, are bogged down in a heck 


Of A lot. of paper ;_that the studies 
seem to be very office-oriented and our 


difference in this regard and perhaps one reason 
why we don't have very many reports is that we 
have been coneentrating on getting out and 
seeing the conditions as they are, making sure 
we understand the problems before we sit down 
and do a study that may in fact be in error be- 
cause of lack of observational data." 


Can you respond to that 





Clitieren or tthat concern, sir? | 
WITNESS MORGENSTERN: Yes, 

this in my view is a very serious criticism, if for 

NO TCEener, Treason, thah Dc. Clark would have difficulty wien 

HMsaoudgets,.at pe, doesn’t get out. i'd Like’ to 

address it in some detail, since it's certainly not | 

true. The members of the N.E.S., Arctic Gas geo- 


technical group who have been actively engaged in 


slope stability observations, permafrost both in the | 
Mackenzie River Valley, North Slope of Alaska and 
Canada, as well as the interior of Alaska. This work | 
| 
| 


has been under way in an intensive manner since about 


HS I oie With regard to this work, I could ennumerate 
five segments of objectives and perhaps achievements. 
First is the identification | 
and classification of land slide types peculiar to | 
the permafrost AL teeehe of interest to us here. | 
Secondly, the development | 


of a qualitative understanding of how land slides 
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In Chief 
1 actually fail in permafrost terrain, an analysis of 
2 the mechanisms. 
| Thirdly), ~-hestormulationo£ 
4 | quantitative design methods consistent with the 
5 observed patterns of slope instability behaviour in 
| 
6 | permafrost terrain, and the identification of material | 
7| properties and thermal boundary conditions and so 
8 on associated with this. 
g | Fourth is the acquisition of 
10 Sipe sspeciiic data trom the testing, the critical | 
el: testing of the design methods using real data for 
12 real locations. ; | 
a3] The fifth objective has been 
14 | the development of design techniques to be used in 
15 construction and subsequently remedial techniques 
16 jj which would stabilize slides prior to occurrence, or 
a7} indeed after they might occur along the right-of-way. 
18 | Various reports have been | 
ys] issued by Northern Engineering, particularly on the 
20 first three items that I've cited, which are 
oo essentially complete, and work on obtaining site 
~ specific data and further design, further construction 
oa techniques, nad currently underway.These reports contain 
24 | references not only to the large areas traversed 
22 by the Arctic Gas route, but also to many other perma- 
26 | frost regions, and in this sense the techniques or 
27 the observational approach that we adopted draws from 
28 | a large body of literature, apart from our own exhaustive 
29 field surveys and personal observations. 
30 - Now, there's certainly been | 
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Clark, Morgenstern, Slusarchuk, 


Harlan, Hoekstra 
In Chief 


a considerable effort undertaken by Arctic Gas on the 
actual proposed routes, the acquisition of site 
specific data eile... in preliminary design, rea 
like to clarify this, to set the record straight and 
itemize it. 

First of all, a large number 
of aerial reconnaisances, I suppose, along the proposed 
APRs LCS 7991 to the present, have been 


undertaken by project personnel. All slopes along the 


proposed,route, both in Alaska and in Canada, have 


been inspected by at least two geotechnical specialists.| 


Many slopes have been visited on the ground, foot 
traverse is made, on the other hand many others have 


been inspected only by helicopter. 





Arctic Gas has funded detailed | 


Slope stability investigation programs at a total of 
23 land sites, land slide wees potent slope 
problem sites. These sites are located at the banks 
of aes crossings, other right-of-way slopes, or 
actually slopes that have failed. The cost of these 
programs easily amount to a million dollars just for 
drilling and logistic support alone, moreover there 
are plans at the moment for drilling at six more 


Sites in the Inuvik-Travaillant Lake area later in 


; October. 


The third component of our 
activity is a program of laboratory testing on samples 
that have been acquired as a result of these programs, 
and this has been under way intensively since April of 


this year, and is scheduled to continue until August 
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In Chief 

1 of 1976. Laboratory testing includes tests to obtain 

2 creep. characteristics, strength behaviour of frozen 

3 | and unfrozen soils, permeability, co-efficient of 

4 consolidation or C sub V and other parameters that 

5 are used to describe soils. 

6 | Moreover, fourthly, the 

7\ detailed program involving the insitu monitoring of 

8 Slope deformations and pore pressures is under way at | 
9 selected sites. Insitu tests consisting of sheer 

10 strength tests, uSing a vane device, infsitu permeability), 
1. active layer depth determination, and so on, are being 
12 undertaken at selective sites in the discontinuous 

ie zone particularly. 

14| I'd like to point out that the 
nS Site studies emcompass the entire range of expected | 
16 ‘worst case conditions from the ice core topography of | 
ly the North Slope in Alaska in the Sara erae zone to 
18 the ee fine-grained glacial lacustrine slopes of the 

19 southern discontinuous zone. | | 
20 
von 
22 
23 7 
24 

25) 

26 | 

27 | 
28 | 
pas | 
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2 Attention has also been given 

2 not just to the sliding processes that,we find thaw 

4 consolidation theory helpful, but also to other 

4 processes of ablation, landslides generated by 

5 rainfall and so on. 

6 Our studies have identified 

y the range of slorefailure mechanisms peculiar to 

8 permafrost terrain and as I pointed out it is not 

9 only the rather flat plainer sliding processes 

10 that we evaluate with the aid of thaw consolidation 
gs theory, but also mass movements induced by rainfall, 
2 ablation and other factors. 
13 Our approach has never been 
14 to be wedded to a particular analytical theory, but 
15 to make use of our best understanding of the various 
16 mechanisms that we encounter to aid our judgment in 
Ly developing a safe, environmentally acceptable 


18 design. 





1-9 THE COMMISSIONER: Well, 

20 Dd. Williams ae you were too empirical and 

a | Dr. Claridge thought you were too theoretical, so -- 
22 A That serves our 

Ose paradox, yes, 

24 MR. GENEST: Sir, the only 
25 | thing left are a couple of questions that Mr. Marshall 
26] . has addressed to Dr. Harlan in connection with the 
27 evidence of Dr. Lewis and I wonder if we might be 

28 permitted to split ourselves. 

29 | THE COMMISSIONER: Yes. 

30 MR. GENEST: And that will 
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Harlan, Hoekstra 
In Chief 

end vour rebuttal on this aspect. 
MR. MARSHALL: 

(6) Dr. Harlan br. Lewis 
alluded to the fact that at the pipeline crossings 
of the Firth and Malcolm Rivers that there is no 
flow and he questions the input parameters used in 
the Arctic Gas's responses to question 38 of the 
Pipeline Application Assessment Group request for 
supplementary information. Could you comment on 
that: rsa? 

‘ WITNESS HARLAN: 


A Yes. In our response 


to question 38 we presented three examples -- 


Q 38, that was ‘-- 

A In response to 38. 
@) In question 38, yes. 
A We presented three 


examples which we intended only to be illustrative of the 


types of river crossing Situations that might be 

encountered and-the possible effects of a chilled 
pipeline operation. It was not our intent,in this 
response, for these examples to be applied to a 
specific river crossina. 


We agree with Dr. Lewis 


in the sense that at the pipeline crossings for both 


of these rivers there is no flow and in this perspective | 


the case is more representative of our case three 
in which the river freezes to the bottom than the 
case under which it is given. 


Q So if I understand 


you correctly you are putting forward the rivers simply 
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In Chief 


as examples of a general type and not specifically 
to present them as illustrating a situation at the 
proposed crossing ‘locations. 

A That “Ss "correct. 

@) Dr. Lewis understood 
you were using them for that purpose and you 
weren't. 

A Eheate Ls 'COrrect. 

@) So there is really no 
disagreement with Dr. Lewis about this point. 

A That\-is* right. 

0 Now, sir, on page 
10592 of the transcript Dr. Lewis made three recom- 
mendations and perhaps I could just go through them 
briefly. The first was that the proposed culvert 
should be incorporated into the proposed model. 
The second was that a field drilling program should 
be conducted to identify streams with significant 
ground ‘water flow and to obtain realistic input 
data,and thirdly that the feasibility of the culvert 
technique should be tested in the field and if it 
proves feasible the culvert should be installed prior 
to chilled pipeline operation. 

I was wondering, Dr. Harlan, 


if you wish to commentm those three recommendations 


of Dr. Lewis? 


A Yes, I would. With regard 


to the first recommendation we have initiated 


modifications to the Battele program to include 


analysis of the culvert technique. 
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@) And what about the | 


second recommendation. 


A In regard to the 
second we have proposed to CAGSL a combined geophy- 
sical survey and drilling program to be conducted in 
the vicininty of the Firth and Malcolm Rivers during the 


winter or °75°=""76-. 





THE COMMISSIONER: Of the 








FIrth and Malcolm Rivers, yes. | 
A Yes. 
z MR. MARSHALL: | 
@) And this, you feel, is | 
the main area of concern? : 
A Yes. | 
QO And this, you feel ;would | 
deal with his second recommendation ? 
A Yes. | 
QO Yes, sir, and about the | 
third recommendation? 
A This one, we are presently 


investigating the feasibility of the field test. At 


this point we are not able to make a firm recommendation | 
as what. will be done. 

: 0 Well, then, sir, do I 
take it that there is, or there is not, basic 
disagreement between your work and that of Dr. Lewis? 

A There is not any basic 
disagreements. 

MR. MARSHALL: Thank you, sir, 

THE COMMISSIONER: You say | 


you had been working along the same lines as Dr. 
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Harlan, Hoekstra 
In Chief | 

1 Lewis where he was offering constructive criticism? | 
2 A Yes, and for the most 

3 part we have anticipated his concerns and have taken 

a action before his testimony. 

; 5 MR. GENEST: So the soft 

6 plopping sound thatyou hear is our closing our books. | 
ri That terminates our rebuttal evidence, subject of 

8 course what we hear from Dr. Adam. I think that is 

9 the only thing that -- 

10 THE COMMISSIONER: Well, thank 
i you gentlemen and we will see you again for 

12 cross-examination at a date to be arranged. We | 
43 will adjourn the hearing until 10 o'clock tomorrow 
14 morning. The Yellowknife Community Hearing will 

15 be at 8 o'clock this evening and I suppose I am the | 
16 only one in the room who really must be there other 
17 than the court reporters. | 
18 MR. GIBBS: The 
Ms, 


date to he arranged for the cross-examination of this 
20 panel, it is likely to be next week. I know that 
21 Mr. Hollingworth is'‘-- not even of Dr. Morgenstern 
were concerned with the windows in his apartment 
23 building. I.know that Mr. Hollingworth would like to 
24 talk to him about it at a fairly early date. 

MR. SCOTT:  fadon"t wuunderstand 
. that last part. I was just saying that it 


didn't seem to be possible that the cross-examination 





of this panel could be held next week. 


THE COMMISSIONER: I think | 








it will have to be a date to be arranged. Just speak 
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1 to Mr. Scott and Mr. Genest and whatever the three of 
2 you come up with is fine with me. 

3 ep MR. GENFST: We will find 

4 a date when Mr. Gibbs is at the N.E.B. 

S) MR. GIBBS: Monday. 


6 (PROCEEDINGS ADJOURNED TO OCTOBER 17, 1975) 
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G.L. Williams 
In Chief 
Yellowknife, N.W.T., 
October 17, 19.75. 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
MR. GENEST: i\d Like: co 
recall Mr. Williams to adduce rebuttal evidence to the 
construction evidence led by Foothills Pipe Lines and 
by certain witnesses, principally Dr. Adam, who of 
course has not been completely cross-examined yet but 
at least from the E.P.B. Report, and with your leave, 


Sik, id like to call him now. 


I have distributed to my friends 


some documents which Mr. Williams will be referring to 
in the course of his examination in chief, and we'll 


be referring to them in due course. 


GUY LESLIE WILLIAMS, recalled: 

DIRECT EXAMINATION BY MR. GENEST: | 

| Q Mr Wi Lidams, rarst.. siti, 
I would like to direct your attention to the evidence 
of the -- filed on behalf of the E.P.B., and that of 
Mr. Jarvis, who was on the Foothills' panels with 
respect to snow roads, and perhaps I could start by 
referring We Ores Si, SeCezon 2.0L cher hb. Be Report; 
that's the Environmental Impact Assessment Volume 4, 


Research Reports, which has already been filed in 


evidence, and I'd like to read a statement there that 


appears at page 31, as follows. It's under the heading: 


"Criteria for seasonal limits. Criteria 
for setting seasonal limits on the use of 


winter roads in the western sub-Arctic 
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G.L. .-Williams 
In Chief 


and Arctic regions have not been systematically 
defined in the past. Historical data reflect 
when freight or construction equipment was 
available as much as they reflect the first 
date when a winter road was ready for use; 
similarly in spring, recorded dates reflect 
when the last vehicles withdrew from an area 

as much as they reflect the last possible date 
that vehicles could have safely made use of 
the,winter road . However, from a few obser- 
vations of first and last days of winter road 
use during the last few years, the Following | 
criteria were established imperically for the 
limits of full winter road use. 

1. Startup should occur following the accumu- 
lation of 8 inches -- that is 20 centimeters -- 
of snowfall, and 550 degree days Fahrenheit of 
frost south of latitude 68. North of latitude 
68, startup should occur following accumulation 
of 4 inches, 10 centimeters of snow, and 550 


degree days Fahrenheit of frost." 


And there appears a comment about shutdown, which is 
not of interest to us to the point I wish you to make, 


and the report goes on: 


"The startup criterion was based on experience 
and the literature. Two independent studies 
concluded that something in the order of 550 
degree days of frost were required to assure 


a ttiem base for winter roads. -Also 8 inches 
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G.L. Williams 
@ In Chief 

or 20 centimeters of snow were considered a 

minimum amount of material with which to con- 

struct winter roads, and at the same time offer 

pretections to; thes terrain.” 
Reference to Adam. 

"If.ansufficient snow exists on the right-of- 

way for snow road construction, the require- 

ment for 8 inches can be met by hauling 

snow in from lakes or rivers." 
That is a statement, I believe, prepared by Dr. Adam, 
and I would like to contrast that with the evidence of 
Mr. Jarvis, given at -- given in the Foothills evidence, 
he provided a Table Y at the end of his testimony in 
chief which showed that major hauling could not start 
on snow roads before 1600 to 2000 degree days below 32 
degrees Fahrenheit had been accumulated along with eight 
inches, of, snowfall.., It's a dong preface, Mr. Williams, 
but in other words we have Dr. Adam in the E.P.B. Report 
stating that 550 degree days are required for full 
winter road use, and we have Mr. Jarvis saying thatthree 
to four times that amount is required. I'd like to ask 
you first of all, sir, to state your own view as to the 
number of freezing degree days that would be required 


for full use of snow roads and right-of-way operations, 


.horth of 60 degrees latitude, and then discuss the 


approaches of Mr. Jarvis. 
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tne Chier 


Can I ask you what your own 
views are on the subject? 

A Yes, sir, and in my 
opinion there really is not one answer to this 
question, that in the 800 odd miles between Richards 
Island and the 60th parallel insofar as snow road 
construction is concerned, I think, that it should 
be divided into three areas, three basic areas and 
each area would have their own criteria. 

In the northern section in the 
continuous permafrost zone where the active layer 
is very thin and one is looking for about eight inches 
of frost penetration as Mr. Longlitz suggested, See 
can be achieved in a very short period of time, less 
than 550 dearee days. 

From Fort Good Hope down 
toward Fort Simpson in the northern end of.the dis- 
continuous zone. there is a considerable amount of 
mineral SOil and again, the active layer will be 
deeper. One may wish a slight increase in the depth 
of frost penetration in that zone, that is, something 
between 8 and 12, inches, say. 

F South of Fort Simpson there 
are vast areas of muskeg, peat land, hoa land, whatever 


you want to call it and this type of terrain requires 


- a Substantially longer period to accumulate frost 


penetration. In that area I think that one would 
look closer to Mr. Jarvis’ figures for the development 
of a suitable snowroad surface. His numbers vary, I 


think it is from 1600 to 2000 degree days. I would put 
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In Chief 


it, with proper procedures, I would put it below 


the lower limit, maybe in the 1000 degree day 


range. 

Q Would you comment on 
Mr.Jarvis' approach to this problem? 

A Yes, sir, on page 10927 


of the transcript, Mr. Jarvis discusses what he was 
able to learn about the Inuvik snow road test where 
there was about 12 inches of active layer. His 
testimony does not indicate it, but I would add that 
this Pofeice layer depth measurement was taken in 
October with the active layer near its maximum. 

Then on the same page, Mr. Jarvis states that. this 
information is not much help to him in preparing 
construction schedules for Foothills spreads one and 
two as he has observed drill hole data which indicates 
ancactive Layer .of sfive to.six feet thick. 

Now, Foothills have not 
shown drill hole data on their alignment sheets north 
of Thunder River, at least we were unable to find 
it. Spreads one and two, that is Foothills' spreads 
one and two, which run from Richards Island down to 
a location just south of Thunder River or north 
of Little Chicago. I have however, examined our 
drill hole data and found one locationin this 
area near the shoreline of the Mackenzie River where 
there was an active layer of about four feet. 

Another one or two. thawed quite deeply drill holes are 
shown, but they are in gravel pits. 


QO That doesn't help much, 
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BURNABY 2, B.C. G.L. Williams 
in, Chief 
does it? 
é A NG parse. 
; Generally, the range of 
: depth of active layer was one to two feet and all of 
: Foothills spreads one and two are located in the 
a continuous permafrost zone and surely one would expect 
7] a shallow active layer. No doubt one could go out 
ss and find isolated areas near ponds or disturbed areas 
: where the active layer is deeper, but these would be 
a infrequent and would mostly be avoided in detailed 
a route Sree 
"e QO May I just interrupt 
ae you there, Mr. Williams. I take it then that you 
a | qather from Mr. Jarvis's evidence that some of 
141 his conclusions are based on estimates of the depth 
eal of the active layer in the areas of spreads one and 
pi two and you think that they are too high? 
18 
19 
20 
paml 
22 
23 1 5 
24 | 
25 
26 | 
Coe 
28 
25 
30} 
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G.L. Williams 


In Chief 
= A Yes, I would say that's 
Conmmect. 
QO And the relevance of that, 


sir, is that the depth of active layer will determine 
the number of degree days needed for sufficient frost 
penetration? 

A That is certainly one 
important aspect of it. The type of material, the 
sub-surface material is also important. 

Q Would you proceed then, 
sir? 

A At page 9850, Volumé 
67 of the testimony, in answer to Mr. Templeton's 
question Mr. Jarvis names the N.R.C. publication No. 
12881 as his source of information in converting degree 
days to frost penetration. I have obtained a copy of 
this bulletin, and it's entitled: | 

Meee thick Peatland," 
and it's authored by R.J.E. Brown and G.P. Williams. 

Q And is that one of the 
documents that we have distributed? 

A Yeo ts is, fytpeis achts's 
the largest sheef of paper that we distributed this 
morning. 

Q It sounds like the title 
ofa novel ; but I guess there's no country called "The 
Peatland". 


A Badem' tt know if L*m going 











to be in trouble with the Queen's Printer in duplicating| 


so many copies of this document, Mr. Commissioner. I 
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G.L. Williams 
rr Chvet 


might need some help later on down the line if I get 


into trouble. But anyway I'd like to read three para- 


graphs from this publication, which I think may help 


to resolve this discrepancy, and they're found on page 


2, and starting wath —— 
Q Mer Wile Lams, Mrs. Goh. 
Williams is no relative? 
A Nos Sat. 
Q All. sign t. 
: A Not to my knowledge. 
Q Page 2? 
A Yes sir, on page 2,° 


Starting at the first full paragraph: 


"Three categories of peatland are described 

in the Muskeg Engineering Handbook relative 

to the distribution of permafrost. The first 
seasonally frozen is found south of rhe perma- 
frost pcnaaey where the Mer Bleue peat bog 
is located. Peat ranges in thickness from 30 
centimeters to more than 6 meters. As the 
name implies, the surface frozen layer is 
entirely seasonal. The depth of frost pene- 
traction oz thickness of the frozen layer is 
extremely variable, depending on climatic 
factors such as air temperature, solar radia- 
tion and snow cover. The second category 


is peatland in the discontinuous permafrost 


zone where Thompson is located." 


Thompson, Manitoba. 


"Observed peat thickness varies from 30 
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G.L. Williams 
In Chief 
centimeters to 3 to 5 meters in rock basins 
and pulses. In the southern fringe of this 
zone, permafrost occurs in scattered islands 
a few square meters to several hectares 
in size, and is confined mainly to peatland." 
THE COMMISSIONER: 
Q How much is a hectare? 
MR. GIBBS: 2.4 acres. 


yey 2.4 acres. 


MR. GENEST: How many have you 


got on your farm? 


MR. GIBBS: We're converting in 


Alberta. 


A " Northward it becomes 
increasingly widespread and occurs in other 
terrain types also. Where permafrost exists 
in peatlands, the depth of the permafrost 
table is usually less than 1.5 meters. The 
active layer usually extends to the permafrost 
table, but a variation of this category may 
occur where an unfrozen layer exists through 
the winter between the seasonally frozen peat 
and the permafrost. Peatlands in the continuous 
permafrost zone comprise the third category. 
Observations have shown that these peat 
deposits are generally relatively shallow, 
their thickness seldom exceeding 1 meter or 
a few feet. Permafrost occurs everywhere be- 
neath the ground surface, including all peat- 
land. The active layer generally varies in 


thickness from about 0.3 to 1 meter in the 
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G.L. Williams 








iG MOI gy Wee 
iL continuous zone, depending on climatic and 
2| terrain conditions, and it almost invariably | 
3 | extends to the permafrost table. The active | 
on layer is thinnest in peatlands, an an_nual | 
5 | depth of thaw of only 15 centimeters being | 
6 | observed in the Arctic Archipelago." | 


7| Now this publication deals at length with frost penetra- 


| 
8 | tion in peatlands near Ottawa and Thompson, Manitoba. | 
9 | In Mr. Jarvis' resume he indicates substantial exper- | 
19 ience in winter road construction in Ontario and in | 
| Manitoba, and in Manitoba at least as far north as 
| 
12} Thompson, which is located in the discontinuous eee 
13.) zone. | 
14 | Now Mr. Commissioner, I think 


15 | that this is the basis of the problem. When constructing 
16! winter roads in the northern part of the provinces or 
Wii, the southern part of the Territories, the main problem 


18 is peatland or muskeg or bogland, and the difficulty 














19) one has in getting enough frost into these wet areas | 
20 | to support heavy construction equipment. If one waited | 
* for nature to take its course, a very large number of | 
22 degree days would be necessary and may not be accomplish4 
23 ed at all fees some form of frost penetration induce- | 
24 | ment were used. That is precisely what we plan to do. | 
2 MR. GENEST: Q Can I stop you 

26) there again, Mr. Williams? If we're talking about the 
207 continuous permafrost zone, and if we take into account 
ae what was in the article by Brown and Williams that | 
ey you've just read, what's the significance of getting 

30 | frost penetration into that ground? | 
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G.L. Williams 
In, Chaet 


A 1m not Sure*that «I 

understand that, Mr. Genest. 
| Q Would it be quicker or 

Slower? Mr. Jarvis in his evidence seems to be saying 
it's going to take you a long time, and you say he's 
talking about really a bogland in the northern parts of 
Manitoba. 

A Yes, we'll get into this 
as we go along, Mr. Genest, but what he is saying is 
that he would require -- or the time required to have 


30 inches of road bed. 
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BURNABY 2, B.C. Th ‘CHEE 
7. I think what we are going to be, 
2 Saying is that in the northern areas where the active 
3 layer is very shallow that as soon as you freeze off 
4 the active layer you have many hundreds of feet of 
5 frozen road bed. 
-| @) Because you have frozen 
7 down to the permafrost? 
8. A Yes5™ Sar. 
9 O Rignt. 
10 A In the coloured graphs 
11] Supplied “by Mr. Jarvis, which I think is filed as 
12) exhibit 258, you will probably recall these graphs, 
23 exhibit 258, he shows preparatory work starting generally 
‘al in October. On page 9641 of the testimony he descrihes 
15 || this work as compacting snow with low ground pressure 
16 | vehicles to accumulate frost. Then on page 10027 of 
| the testimony he says that he recommends twelve to 
18 fourteen inches-.of frozen material underlying the 
19 road surface before his next phase, which he calls 
20 construction, begins. I am sure that, he his also saic, when he 
Da speaks ahout construction it is snow road construction that 
DD he refers to, not pipeline construction. 
23 4 Then on page 190028 he says 
24 that he feels there should be at least 30 inches cf 
25 roadbed before heavy hauling begins. I assume that 
26 | -the 30 inches includes the compacted snow plus the 
aa] frozen sub-bed. This, he says, requires something 
28 like 2000 degree days and at best would not occur 
29 eat around the end of November. 
30 | _In response to your question, 
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BURNABY 2, B.C. In Chief 
1 sir, on the same page he says this is the case 
2 for the Foothills spreads one and two which are in the 
3 continuous permafrost zone. 
4 Now, in my opinion, sir, based | 
3 on our experience and research, this is just not 
6 correct and I will try to explain the reasoning behind 
7 that statement. 
8 Going back to the N.R.C. 
9 publication that he referred to in the third paragraph 
10 On page 2, it states that the continuous permafrost 
Li zone -- I am sorry, in the continuous permafrost zone, 
12 the active layer varies in thickness from 0.3 to 
13 1 meter and goes on to say that the active layer 
14 is thinnest in peat land , and in the far north as 
15 little as -- the active layer is as little as 15 
16 centimeters, or about 6 inches. 
17 This is really common sense, 
18 as peat is a good insulator, as we mentioned it is a 
19 slow process to obtain frost penetration in the earivy 
20 winter in the southern areas, and conversely it is 
21 slow to thaw in the summer in northern areas, therefore 
22 a shallow active layer in peat lands in the north. 
23 - At the Inuvik snow road 
24 test site there was an active layer of 12 to 18 incnes 
25 | 





deep and we were able to get frost penetration to the 


‘permafrost table in a period of about one week in 


October. Work began on October the 23rd and at that 
point in time there was about 230 degree days of 
frost at October the 23rd, but there was little 


frost penetration in the undisturbed areas and after 
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site cehG, Bik: Gili. Williams 
In Chief 
repeated passes with a soft track Bombardier 
to assist in the frost penetration, full frost pene- 


tration was noted ‘to the permafrost table on October 
the 30th, and this was after an additional 165 degree 
days, making a total at that time of 395 degree days. 


In the undisturbed bush 


land adjacent to the snow road test right-of-way, 
full freezing was not noted until November the 7th, 
that is, from the surface to the permafrost table and 
this was after a total accumulation of 606 degree 
days of frost. This was in October of 1973. 

Of course once the active layer has frozen then, , 


as we have said before, there are several hundreds 


of feet of solid road bed. 
The required depth of 


frost penetration also depends on types of subsurface 


soil conditions that prevail. If one is down near 


west muskeg or peat land I certainly agree that 30" 
of frozen road bed are desirable before heavy constructi 
work begins, because below that 30" is wet, sloppy 
organic material, but if the subsurface material is 
damp mineral-soil, a few inches, or at least less 
than a foot of frost is required to support heavy 
construction eguipment. 

1) That, Mr. Wiliiams, I 
take it, is because of mineral -- the damp mineral 
SOil you describe has sufficient strength, does it? 

A It has some bearing 


capacity, providing there is a solid surface on top 





the 60th parallel where there are vast areas of deep 
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to distribute the load to the softer materials below. 


Now, near the back of this 
Neer. publication 12881 there is no page number, 
but it is listed as figure eight. 

QO LEAS obicure: 0 8e cs 
about the sixth page from the back? 

A That is pretty close. 

Q Seven pages from the 


back. 
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In Chief 
1 A This graph shows the 
2 | maximum depth of freezing on the vertical Buaiteles 
3 | on the left-hand side, versus freezing degree days 
4 along the -- horizontally on the bottom, and I assume 
9}; that this was the basis for Mr. Jarvis' criteria. 





6 | It's the only place I could find in the publication 





| that gives this information. Unfortunately, this 

oi graph is in the metric system and some conversion is 

3 required because the numbers supplied by Mr. Jarvis 

| 

10 | and Dr. Adam were in degrees Fahrenheit and inches. 
11] Now I think we should look 
12 : at the saturated peat curve, which is the second one 
13 | from the bottom, as I think this was the governing 
14 | factor used by Mri Varvis: but of course I"m not 
=H certain’ of thiss On the left-hand vertical axis 
16) 30 inches is about 76 centimeters or about half-way 
17 between the 50 and the 100. | 
18 | | Moving horizontally from that 
19 point to intersect the curve, and then vertically down- 
20 | ward, we intersect the horizontal axis at about 1200 
21 centigrade freezing degree days. My calculation shows 
ee this to be about 2160 Fahrenheit degree days, or fairly 
23 close to the 2000 degree days quoted by Mr. Jarvis. 
24) The curves as shovn are for 
25 | undisturbed terrain and I do not know what allowance 
a has been made by Mr. Jarvis for compaction of the sur- 
aa | face cover because as the soft track vehicles compact 
29 


the snow on the peatland, they also compact the surface 





mosses and underlying peat, md thereby increase the 


semen ae. thermal conductivity. In my opinion, this would reduce 
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the criteria from 2160 Fahrenheit degree days at least 
down to the lower limit of Mr. Jarvis’ scale of 1600 
degree days, in Risen se oN Figure 8 also shows 
about 30 inches of frost penetration in silty clay or 
sandy soil, which is the next curve above the one we've 
been discussing, that after about 500 Centigrade degree 
days or 900 degree, Fahrenheit degree days there would 
be 30 inches of frost penetration in that type of 
material. AS we said before, one really doesn't 
need 30 inches of frost penetration in mineral soil. 
Mr. Longlitz suggests that 
about eight inches of frost penetration is adequate. 
In any event, I wish to emphasize that these degree 
days are for peatland or muskeg, and the route that 
we are proposing is not all or even ‘a’ large percentage, 
in this type of terrain. Certainly south of Fort 


Simpson there are substantial amounts of peatland 





terrain. Some thawed andsome frozen. The construction 
schedule filed by Arctic Gas reflectsthis knowledge 
and suggests that the main aspects of construction may 
not begin until December. As examples, Arctic Gas 
spreads "E" and "F" near and south of Fort Simpson 
have 150 miles to construct in two seasons, while 
spreads "C" and’ "D", which are north of Fort Simpson, 
have 163 miles to construct in two seasons. 

North_.of Fort Simpson there is 
considerably less peatland and much of it is permanently 
frozen. With judicial detailed route selection, we would 
expect to avoid many of the deeply thawed peat areas. 


: THE COMMISSIONER: I think 
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mean: judicious. 
MR..GENEST: We hope so, Sir. 
A Does that require an 
answer, Sir? 
THE, COMMISSTONER: No. 
MR. GENEST: "Judicial" means 


that it would be selected by a judge, Mr. Williams. 


A How come you didn't pick 
that out last night, sir? 
(LAUGHTER) 
I'm just a poor dumb engineer. 
THE COMMISSIONER: Well, carry 
on. It's Friday morning and we're doing our best, Mr. 


Williams. 


A Again Mr. Longlitz said 


that in his opinion about 8 inches of frost penetration 


is required along with adequate snow cover before winter | 


work begins. The graph shown on figure 8 does not go 


low enough to determine the degree days required for 


eight inches penetration. But in this N.R.C. publication | 


on page 9, and again in the reference section, reference 


is made to the work conducted in the field by the U.S. 
Corps of Engineers, and in particular reference is made 
tonumanual TM 5+852-6. I have obtained a copy of this 
manual and reproduced copies of the air freezing index 
which plots frost penetration in feet against degree 
days -- I'm sorry, against Fahrenheit degree days, and 
those two pages are also included in the handout this 


morning. 


MR. GENEST: Sir, I wonder if 
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these might not be introduced as exhibits? 


THE COMMISSIONER: Certainly. 

MR. GENEST: The freezing of 
peatland, an article by N.R.C. and these tables. 

Now I'll give a copy to Miss Hutchinson. 
(ARTICLE RE FREEZE & THAW IN SOILS MARKED 
ENHIBIT 283) 
("THE FREEZING OF PEATLAND" BY BROWN & WILLIAMS 
DATED DECEMBER 1972 MARKED EXHIBIT 284) 
: MR. SCOTT: Is Table "Y" a part 
of the handout? 

MR. GENEST: No, Table "Y" was 
part of the evidence of Mr. Jarvis, that he gave, that 
was attached to his direct testimony. I must say I've 
forgotten whether it was filed as an SXnIDIt, but 1t was 


attached and he referred to it at some length. | 


A Lf vou ll Look. for’ a 





minute at the graph that we just mentioned in the U.S. 
Corpsof Engineers Manual, and again take the most diffi- 
cult curve shown there, the damp -- 

Q Sorry, Mr. Williams, could 
you tell us what it shows? Maybe I'm a little slow this 
moEnatias: The graph is intended to show frost pene- 
tration again, is it the same sort of thing as the 
table that appeared in te N-.R.C. publication? 

A Yes, it's very similar 
to that, Mr. Genest. On the left-hand vertical axis 
is a frost penetration in feet, and on the horizontal 
axis for the main curve is plotted degree days, and this 


chart doesn't say so but I'm pretty sure that it's 
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In Chief 7 

1 Fahrenheit degree days. I'm positive the degree days 

2 shown on the horizontal axis are Fahrenheit degree days. 
3 iy So if you hook at the upper 

4 curve, the worst case situation, the clay and damp 

5 topsoil, and go up to the top, up near the top left- 

6 hand corner and pick off eight inches of frost pene- 

7 tration, which is only about a little better than a 

8 quarter of an inch down from the top left-hand corner, 

9 and move horizontally to intersect the curve, and then 
10 vertically upward, we see that dae bare ground or 

ay pavement, snow-free, that the degree days for eight 

12 inches of frost penetration would be around 300 degree 
13 days. Then if you continue on a vertical line upward 

14 to the next set of lines, which is turf, snow free, | 
15 that we see that for that situation again with the same | 
16 type of sub-soil, but this time with a grass cover, | 
17 we require about 600 degree days, Fahrenheit degree | 
18 days; and moving on up further to the Leeai th 12 | 
19 inches’ snow cover, about 1000 degree days would be | 
20 required for eight inches of frost penetration. 
21 

22 

23 : 

24 

25 

26 

27 

28 

29 
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Mr. Jarvis further agreed on 


Berns G.L. Williams 
In Chief | 
1 In summarythen, I am in | 
: closer agreement with Dr. Adam's criteria with respect 
3 to the neaPreneTeouE full winter road-use, that is, 
4 550 degree days and four to eight inches of 
3 snowfall depending on the latitude for areas where 
6 | there is a thin active layer, or for other areas 
: that have subsurface materials composed mainly of 
8 Mineral soils, Areas that have a high percentage 
9 Of peat land, such aS that south of Fort’ Sinpson, 
10 think a greater number of freezing degree days are 
11 necessary, possibly something like 1000 freezing 
12 degree days, and this number is difficult, if not | 
13 impossible, to obtain from the graphs which we have 
| 
14 looked at as they do not take into account acceleration | 
15 of frost penetration through snow and surface vegetation 
16 compaction. Our construction schedule assumes that 
17 this procedure will be used. . | 
18 On pages: G72 and 9713 0f the 
19 testimony Mr. Jarvis has stated that in his coloured 
20 qraphs, aqain exhibit 258, the gap between the start | 
21 Of winter road construction and start of hauling is 
22 the time required to construct the road along the 
23 full length of the spread, and in the case he was 
24 talking about something like 45 miles, I think. 
25 Later in his’ and Mr. Kosten's 
26 cross-examination, they agreed that hauling or pipeline 
27 construction could start as soon as a mile or two of | 
28 | properly constructed road was ready. Mr. Longlitz 
29 and Dr. Adam also concur in this procedure. | 
30 | 
| 
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G.L. Williams 

In Chief 
page 9732 that if one was prepared to accept the 
costs of providing artificial compacted snow cover, 
that construction could start much earlier. 

On page 9733 and following, 
Mr. Scott suggests that this was a hypothetical 
case and not part of the Arctic Gas case. 

0 Perhaps I could 
interrupt you there, Mr. Williams, to refresh everyone's 
memory. That part of the transcript, Mr. Commissioner, 
I was cross-examining Mr. Jarvis on the points that 
Mr. Williams is now Making fand MewoScott said this, 
perhaps I can read it. He said: 

"Mr. Genest has presented an interesting hypoth- 
etical to the panel. Is Mr. Genest suggestina 
that that's what Arctic Gas proposes to do, 
because if it isn't what they propose to do 
it's an interesting but totally theorétical 
debate that is consuming some time." 
And there was then some discussion about what we were 
proposing to do and this evidence is directed to that 


issue. 


Would you proceed, then, 


Mr. Williams?- 


A Yas. -six 
O -- to comment on that. 
A We have said before 


aerthis inquiry, and 1 would like® to*repeateit> that 
it is Arctic Gas's plan to have people and equipment 
available in the early part of the fall, or early 


winter, fall season at all spreads to begin snow or 
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G.L. Williams 

In Chief 
winter road construction as soon as weather conditions 
permit and that pipeline construction crews would 
be broughtin to beqin as soon as a few miles of 
properly prepared snow road and right-of-way were 
available. 

In my view this would be 
at the latest, early November at the north end and 
early December in the area south of Fort Simpson. 
Techniques of frost inducement would be applied, 
techniques of enhancing natural snow would be used 
where required, including snow fences in the northern 
barren areas, snow manufacturing and snow hauling — 
from frozen lake surfaces, these procedures would be 
implemented to allow an early start of construction. 

(@) Mr. Williams, Iwould 
like to move now to statements made, in particular 
by Mr. Mirosh,on behalf of Foothills in the Foothills 
direct testimony where a statement was made that 
Foothills considered that Arctic Gas had overestimated 
the productivity of spreads that was attainable, 
they questioned our: ability to complete the work in 
the time that we had laid out in our construction 
plan and said that we had considerably overestimated 
productivity of spreads. 


Could you comment on that, 


*“sir? 


A Yes; "sit, and as an 
example*I-wotld like to take the case of the Inuvik 
area which, I think,is a worse case situation where 


the difference in seasonal mileage productivity between 
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In Chief 
x Arctic Gas and Foothills is the greatest, and in 
~ that handout this morning we have a table that 
: compares the situation. 
: @) That is the short 
2 little table with a number of columns, company total 
P miles, total calendar days available? 
A Yes, sir. 
3 MR. GENEST: What title can 
? you give that? Should’ I tender that as an exhibit, 
a Pwould' Tike to tender that, sir. 
i THE COMMISSIONER: Please. 
12 
A PrOGUucELVLEY 
3 
| Comparison, Inuvik Area. 
3 MR GENEBSL: “All riont. 
ies) 
16 (TABLE ENTITLED "PRODUCTIVITY COMPARISON, INUVIK AREA" 
17 MARKED EXHIBIT 285) 
18 : THE COMMISSIONER: That is 
leg) this one? 
20 MR. GENEST: That is that one, 
21 sir. "Productivity Comparison, Inuvik Area’? What it 
oe does, sir, iS compare some Foothills numbers with 
233 some Arctic Gas numbers. 
2i4 | MR. GIBBS: Could we have 
25 | the exhibit numbers of these that have been marked 
20) .SQ, far this. morning? 
27 THE SECRETARY: The last 
28 one was 285, and the ones before this were 283 and 284. 
29 | | MR. GIBBS: 284 -- 
30 THE SECRETARY: The other one 
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this morning was 283, the geotechnical manual. 

THE COMMISSIONER: ‘The 
EES ie ce ie og AS whatever it is, the Airforce. 

MR. GIBBS: And the new 
one now is 285 then? 

THE SECRETARY? Yes, 

A At the northern end 
of the system, in the general Inuvik area Foothills 
is planning to construct about 45 miles of pipeline 
Per Winter lscason. Arctic Gass numbers ware 74 
miles. Mr. Kosten suggested that those 45 miles 
require 90 calendar days. Mr. Dau in his last 
appearance here filed a table suggesting 136 calendar 
days to achieve the 74 miles proposed by Arctic Gas, 

Mr. Kosten suggested that they have an allowance 


| of about 25% reduction in calendar days due to weather 








and one thing and another, that would leave a total 
of 67.5 working days. Mr. Dau has in his table 

that was produced here, 92 working days which is a 
reduction from the calendar days of about 32%. 

So, for the Foothills estimate 
they must construct 0.5 miles per calendar day; Arctic 
Gas 0.54 miles per calendar day, a difference of 
A/LOO0thS Of “a mile or about  -- under. 210 seet, and 


on a working day basis it is greater. Foothills 





* would construct 0.67 miles per working day; Arctic 
Gas 0.8 miles, a difference of 0.13 miles, or about 690 


feet. 
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In Chief 

1 Of course, the Foothills | 
2 estimate, according to Mr. Kosten, in the Inuvik 

3 area, is based Gpeonstr roan starting in late 

4 January and completing in late April, a total of three 

i) months or 90 calendar days. Arctic Gas estimate is 

6 based on starting on December lst and completing on 

7 April 15th, a total of 136,.calendar days. 

8 The significant difference is 

9 that Arctic Gas plans to start as early as possible, 

10 which in Inuvik is at the latest early November. Foot- 
14 hills foes not plan to start until late January, in 
12 part, at least, due to the hours of darkness. 
3 THE COMMISSIONER: So you take | 
14 the view that in Inuvik, that is in the Inuvik area, | 
1S you can do so very much more than they can do because 

16 you start two months earlier. That's what it comes 

Lf down to. 

18 A Well, partly that, sir. 
19 I'm just a little disturbed about "so very much more". | 
20 Q Forgive me, I am just | 
21 looking at your figures. At any rate you will get 
22 74 miles a season, they'll get 45. | 
23 i. A Yes sir, in that context | 
24 yes, it is considerably more. I was hoping that you | 
25 weren't inferring that to be on a pipeline feet or | 
26 ' miles per day that there was a considerable difference. 
27 Q On the -- well, you get 
28 


more, well you have a longer season, that's the big | 
difference. 


30 yo WN Yes sir. 
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In Chief 

Q Ana they say they can't 
begin till January lst for the reasons their panel 
gave me -- snow roads, darkness, safety and so forth -- 

MR. GENEST: Sir, if I may 
interrupt, they say they really can't start till around 
the lst of January or the end of January. 

THE COMMISSIONER: I'm sorry, 
the end of January, Ist of February, and you say that 
you think you can begin around November lst. That's 


a 3-month jump on them, November. December, January . 


A Yes sir. 


| 





Q So that's really -- that's 


the big dispute at this point. 

A Tia ishjra big ditterence, 
yes, in construction scheduling, yes sir. 

Q Triwbactk, ploiggquves you a 
season that's virtually twice as long. 

| A Yes sir. 

MR. GENEST: Q What do you Say, 
Mr. Williams, as to the Foothills position that they 
shouldn't start till the end of January, beginning of 
February? 

A Well, in my opinion, sir, 


this simply makes no sense at all. I think that the 


earliest possible starting date should be taken advant- 


age of. If our estimate of 136 calendar days is 
correct, then we will complete in mid-March. If we 
have under-estimated our productivity, then there is 
at least one month cushion to complete the work on 


scheduk. 
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In Chief 
1 
THE COMMISSIONER: At the 
| 
¢ end? 
3 : 
A Yes sir. That's based 
4 
on a shutdown on April 15th, as opposed to Foothills' 
5 : : ' 
suggestion of late -- end of April, I think. 
6 
Q And you say that if they 
7 | 
wait until February lst to begin, in the Inuvik area, 
8 | 
they may well be hard-pressed to complete even their | 
9 
limited schedule within -- before the season ends. | 
10 : 
They have no cushion at the end of the season as you | 
il 
do. 
i2 , 
A They have no contingency 
13 : 
cushion. Whether or not they can achieve that mileage, 
14 
sir, in an average year, I would think it's possible. 
1 
Q But at any rate they 
16 
should be able to build snow roads by February lst. 
ub) . 
A £ would think so, Sir, 
18 
yes. 
19 | | 
MR. GENEST: Q Well now, follow- 
20 | 
ing up on that, Mr. Williams, as I understood the 
Z. 
Foothills evidence, the reason for these late starts 
Ze 
was, chiefly, as I understood it, the fact that 
23 
they didn't wish to work in the darkness and didn't 
24 
wish to work under artificial light. 
25 
| THE COMMISSIONER: Lighting 
26 
wasn't feasible. 
waa | 
MR. GENEST: Lighting wasn't ; 
28 : 
feasible, that's right. 
PAs, 
THE COMMISSIONER: The 
30 
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G.L. Williams 
In Chief 


ive! forgotten’ it. 
MR. GENEST: Kosten? 
THE COMMISSIONER: Kosten, yes. 


MR. GENEST: I don't know if 


he said lighting wasn't available, sir. 





THE COMMISSIONER: No, he said 
it wasn't “feasible. 


| 
MR. GENEST: It wasn't feasible| 





because of safety considerations, and I wanted your 


comments on that, Mr. Williams. 


‘ 


A Yes sir, we've again 
prepared and have passed out or circulated this morning 
three tables. | 

THE COMMISSIONER: Excuse me, 


Mr. Genest, how are we doing here? Are we about half- 


| 





way through? 


MR. "GENES T: “Fm almost finished, 

sir. | 
THE COMMISSIONER: Well, let's 

stop for a cup of coffee for a minute, and then come 

back for the last lap. 

MR. GENEST: About ten minutes 


or more. 


(PROCEEDINGS ADJOURNED FOR A FEW MINUTES) 
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in Cher 

1 (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 

2 THE COMMISSIONER: Maybe 

3 we could just call the meeting to order, ladies 

4 and gentlemen. 

3 MR. GENEST: We were talking 
a about Foothills' fear of the dark and and we had 

aa put in a table, Mr. Williams called Working Light-- 

8 there were three tables actually. One was 

2 entitled "Working Light at Fort Simpson, " "Working 
10 Light at Norman Wells", and "Working Light at Inuvik." 
11 Could I have these entered -- perhaps you could tell 
12 | us what is the source of these, sir. 
13 A Yestnsir;, the source 
14 of this information are the Smithsonian Meterological 
15 Tables. There is quite a large textbook that covers 
16 | this sort of material. 

1? MR. GENEST: Could I introduce 
18 this as one exhibit, sir? 
1s) ; THE COMMISSIONER: Yes. 
20 
(TABLFS: WORKING LIGHT, FORT SIMPSON, NORMAN WELLS 

= AND INUVIK MARKED AS FXHIBIT 286) 
22 
oi) y MR. GENEST: Would you take 
24 us through these,.Mr. Williams. 

ne A Yes, sir, the tables 

26 | - show the working liqht hours available at Fort 

oy) Simpson, Norman Welis and Inuvik, and they include 

28 | the duration of dayliaght, that is between sunup and 
29) sunset plus the duration of civil twilight and in 

30 | the Smithsonian tables on page 506 they define civil 

=e 
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in: Chief 


twilight as the interval between sunrise or sunset 
and the time when the true position of the centre 
of the sun is 6 degrees below the horizon at which 
time stars and planets of the first magnitude are 
just visable and darkness forces the suspension of 


normal outdoor activities. 


They have a further definition 


of -- I haven't used it, but they have a definition 
here of astronomical twilight if anyone is interested, 
but the tables that we have prepared are based on 
the duration of daylight petween sunrise and sunset 
Plus the duration of civil twilight. If we look at 
them we can see that among other things, at Fort 
Simpson on the first page the available working hours 
in December are not much worse than January when 
Foothills plans to start work. 

Similarly, Novembér is not 
that much different from February. 

On the next page at Norman 
Wells, the situation is similiar and you will note 
that there are some pretty short working days in 
January when Foothills plans to be working. 

: At Inuvik on the third page, 

the latter part of January and the first half of 


February there would be some very short working days 


“for Mr. Kosten if he did not plan to use artificial 


lighting. 
Just getting away from the 
tables for a minute, Mr. Commissioner, when in Alaska, 


I noted, as I am sure that you did, that the crews 
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G.L. Williams 

In CHief 
that were installing the V.S.M's, the Vertical Support 
Members -- 

mm Q What are vertical --? 
Well, I understand those would be called piles if 
it weren't for union problems. 

A Yes, they are the 18" 
diameter pipe supports that support the above ground 
portion of the pipeline. 

THE COMMISSIONER: They are 
rather more elaborate than any wooden piles that I 
have ever seen. They are not wooden, they are 
steel. 

MR. GENEST: I withdraw 


the comment. 


THE, COMMISSIONER: No == actually 


that is what I am sure drives the cost of an elevated 
line up because those are very elaborate structures 
in themselves, each one of them, and at any rate, you 
were going to make a comment, don't let me divert 
you. 

A Yes, they certainly are 
elaborate, the anchor materials that have to be 
fabricated, I-am sure -- I don't have a cost on 


them, but I would quess are extremely costly. 


THE COMMISSIONER: And the-y 


“have to move to ensure that if an earthquake occurs 


the pipeline isn't twisted and -- well -- 
A Anyway, aS we were 
saying, I am sure that you noticed that the crews 


that were installing the wertical support members, were 
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in Chief 


double shifted and they worked around the clock with 
the aid of floodlights. Now, it may be argued that 
this is not comparable to pipeline construction, but 
let's just consider for a minute some of the equipment 
that they do use in that operation. 

Finsts0 fvadiy) there sare 
very large drill rigs that are reauired to drill the 
holes and of course they have to move along the 
right-of-way. There are large hoists that are required 


to lift and set the pipe supports. 
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In Chief 


Large concrete trucks are 





required to provide the backfill slurry. Additional 
equipment is PomiiEeG to vibrate the pibe and consoli- 
date the slurry once it's in place, and then another 
large piece of equipment is required to expand or 
corrugate the pipe -- the bottom section of the pipe, 
and of course large mobile air compressors are required 
for some of the drilling rigs. 

As to the safety aspect, we've 
recently contacted two of the contractors that are 


6 


working on the Alyeska Pipeline, and they advise that | 





they have not found any measurable difference either 
in the productivity or the accident rate between the 
two shifts. That is the productivity and the accident 
rate between the one working at night and the one in 

the daytime is about the same. | 


THE COMMISSIONER: Excuse me, 





Mr. Williams, this is an important point. 
Mr. Scott, allegations have 
been made that I know you and your staff intend to 


explore regarding the accident rate on the Alyeska, 


that Mr. Williams says would indicate that it isn't 
owing to working in darkness. If irnffact there are 
accident rates on the Alyeska line are as high as 

they are alleged to be, it maybe that it is owing to 
the lengthy hours that are being worked, it maybe owing 
to inexperienced workers, it maybe owing to high-balling| 
or it may be the allegations that have been made are 
simply unfounded. At any rate, that's a matter that | 


should be explored and you might find out from 
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G.L. Williams 

In Chief 
Mr. Williams the names of the people he's been in touch | 
with, and make sure that is pursued, 

MR. SCOTT: Perhaps he can 
tell us right now. 

THE COMMISSIONER: Sure. 
iisvou want. to. 


A The people that this was 


discussed with? 





THE COMMISSIONER: The companies\. 
MR. SCOTT: If that's known; 


if it's not, perhaps we could be provided at some 


other time. 


| 
| 
A Yes, our discussions | 
were with Perini Construction, the Majestic 
Wylie group, and Arctic Constructors. The Perini 


spread is the second one from the south. 


MR. IGENEST 

Q How do you spell that? 
A Perini -- P-E-R -- 

Q Perini? 

A Yes. 

Q SGrLy. 

A They have the second 


spread from the south, it's centered around Big Delta, 
and Northern Constructors have the most northern two 
spreads. 

THE COMMISSIONER: Fine. 
Members of the Commission daff are going to Alaska 
next month to investigate those allegations, that's 


why I raise it now. 





| shore Fe! 
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the haul road, and running south from its origin at 
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plage 2 FE G.L. Williams | 
In Chief | 
1 A I should say that in 
2 this conversation we put it to them cold, they didnt 
z} indicate they had kept any records, but there was 
4 nothing that they could think jot that Sonia == OL | 
5 course the record of the productivity, they have that 
6 and they're vitally interested in that; but the accident 
i; rate, whether or not the contractors have kept statis- | 
8 tics, I'm not sure, but the point is that if there was | 
9 a large difference you would certainly think that 
10 they would be aware of it. 
14) Q I know, you would think oer 
2 I'm not suggesting that you're saying that that disposed 
is3 of the whole question forever. But 2t isan important | 
14 onevand we'd lake to take a look at. it ourselves. | 
1S That's really what I'm saying. 
16 A Certainly . Then further, 
17 they have advised that they have not heard of any pees 
18 contractors having difficulty in this procedure. They | 
19 advised that this statement applies both to the gravel | 
20 pad construction, which was started last winter, which | 
24. was also.double-shifted, and to the V.S.M. ern ce 
22 which is still proceeding on a double-shift basis. 
23 : With respect to the small 
24 diameter Alyeska Gas Pipeline that was mentioned a 
25 | week or so ago at this Inquiry, we're advised that 
26 | “" it's planned for construction this winter, that it's 
29 a fuel gas line mainly 8 5/8 O.D. diameter pipeline, 
28 with some 10 and 6-inch pipe, and it's about 150 miles 
29 long, to be built off a snow pad parallel or near to 
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In Chief 


Prudhoe Bay. The present plan is to start this 
small diameter gas line construction in November for 
completion in March, 1976. That is November '75 to 
March '76, and the people that are going to be doing 
the work that we talked to advised that they don't 
anticipate any great difficulty in working through 
periods of very little daylight. 

MER. GENEST:°0 Lastly, Mr. 
Williams, I'd like to, in response to a request by 
Mr. Goudge, we've been provided with certdn data 


coming from Mr. Longlitz with respect to recent 


experience of startup and shutdown dates, and I'm not 


sure, I think that's also been distributed. 


A No sir. 
Q on, Le hasn't? 
A But Tt 1s ane exhibiTc, 
toe Senibit No. 2e0'. 
| Q Oh, PP irsorry, that's 


fine, and I believe Mr. Goudge wished us to comment 
on this. Can you -- this exhibit, Mr. Commissioner, 
is a letter from Mr. Roy Gilmore, Assistant District 
Superintendent Northwest Lands & Forest Services 
co, Mr. “BOD Mor sone and he said he had dug through 
his diaries on land use files and had come up with 
some information on startup and shutdown dates. 
Would you comment on this? 
A Yes sir. I'm not sure 
that Mr. Goudge asked us to comment on it, but we 


asked for this information. 


Q Oh, I see. I'm sorry. 
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A inden ‘tyeplan «to read it 
all into the record, but there are a few significant 
dates that I'd like to just touch on briefly. 

The first -- 

THE COMMISSIONER: Excuse me, 
tHi.S 9355 4, 1S git? 

Exit SD". awk Says; 
Pexnibit Dp" in. the corner. 

A No, you don't have a 

Gopwy.o. this, Miss Hutchinson could probably supply it. 


’ 


MR. SCORE: Perhaps it could 


be copied later and circulated to everybody. 


A The first two pages deal 


what the extent of the Fort Simpson area is in Mr. 


Longlitz' department, but I assume it's not far from 
Fort Simpson; and the record starts in 1972, and the 
€irstudate, is,-April sl 2th ;pwhere,he jaays:: 

“Shutdown of winter travel." 

Then. Going on, to pihe, fall. .ot 

that. same »yveanx,, »L9,/ 2,-,-October, 30th, 

"D.P.W. of Northwest Territories opening 

winter’ road from Trout Lake but ground 

not Frozen, and some surface disturbance 

eccurring.” 
It would probably be nice to have a bit of background 
on that to see what eyguipment was used, and whether 
they tried any frost induction. Certainly the Trout 
Lake area is in an area of -- where there are substant- 


ial areas of thawed peatland. 


| 
if 








with the Fort Simpson, area, and I'm not, certain or sure | 
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G.L. Williams 
in (Chief 
1 
THE COMMISSIONER: ‘Could I 
2 
stop you for a minute? You mentioned "frost induction" 
3 ts 
and you mentioned it before; how do you go about 
4 : : : 
inducing frost penetration simply by putting snow on 
5 


-- simply by adding snow to the surface, thus increas- 


ing the insulator, is that -- 
A 


Q 





tO that. 


A 
conditions allow with 
fall and a bit of snow cover, 
pressure vehicle and -- 


Q 


A 








vegetation cover is compacted, 


No“’s2ir. 


Now do you do it? 


Gain 
7 
(D 


Pretty well the opposi 


I see. 
As soon as weather 
Vo gettingweold int the 


take a low ground 


Remove the snow? 


No. © Compact the ‘snow. 


Compact the snow, and at the same time the surface 


and in that compaction | 


you increase the thermal conductivity of the surfa-e 


layer, allowing the frost to penetrate more rapid!»y. 
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ea ee G.L. Williams 
In Chief 
1 In this case we are 
a dealing with mainly, as I say, with peat lands in 
3 the southern area Nitere you want substantial thicknesses 
4 of cross penetration to support the heavy construction 
5 equipment. 
6 THE COMMISSIONFR: When thoruch- 
7 | ©ut you have been speaking of inducing frost penetration 
8 that is the procedure that you would use? 
9 A Yes; sir. 
10 It was used at Inuvik, I think 
Bag we harrabeser some slides showing the procedure. 
12 | THE COMMISSIONER: Well, it 
13 has been four months since we saw the slides, I think, 
14 so -- forgive me for Porecteing. but -- ao ahead, 
15 that is fine. 
16 A We did show, well, in 
1? the Inuvik test, that frost penetration could be 
18 accelerated, and it is standard procedure for 
| Snow road construction, no matter where in the north | 
20 you are trying to build a road. Maybe I should just 


It is with respect to pipeline construction where an 


| 
21 back off that a bit to say it is standard procedure. 
the | 





23 early start is considered necessary to meet construction | 
24 schedule. 
25 Now, geophysical crews and 

26 rig moving crews in the north, I don't think use | 
27 it that extensively. It does add to the cost and | 
28 if their schedules-.allow they wait for the frost 
29 penetration to occur naturally and then they start | 
i 


their work, but that is.strictly a matter of cost and 
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BURNABY 2, B.C. ail) Whos vs s . G.L. Williams 
; In Chief 
1 we say that’ we are prepared to accept that cost that 





Zz is included in Our cost estimates, it is the only 
3 way that we bhank _ that construction should proceed 
4 to assure-a timely completion. 
5 ee THE COMMISSIONER: When you 
“6 | say that compacting the snow increases the thermal 
7) conductivity, you mean from the atmosphere into the 
8 ground? 
9 ty A Yes, sir. 
10 a 3 Reading on down this list, 
bi on November 14th, D.P.W. geotechnical crew started work- 
42 ing at the Blackwater River; November 22nd Reascn 
L3 Construction Ltd. started centre line clearinc north 
14 of Candet? dat, and this is certainly in the ceneral 
15 Fort Simpson area. ’ 
16 | we. November the 24th Imperial 
17 Oil morons rin into the Dahadinni area north- 
18 west of Wrigley. Then moving on down to the 
19 spring of 1973 following that winter, in mid-April ~- 
20 again the shutdown on winter travel. Going throuch 
22 the next fail] and November the 7th, Hire North 
22 on right-of-way clearing using cats for piline brush 
23 at Camsell Bend and Blackwater River. 
24 Now, if they started that 
25 work in accordance with Mr. Longlitz's requirements, 
26 | - that says that. you could start clearing at Camsell 
27 bend on November the seventh, this is fairly early. 
28 Again in '74 in the Fort Simpson area, shutdown of 
23 an on winter roads occurred April the 15th. 


30 ae The next couple of items are 
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Gules Williams 
In Chief 


interesting. In the fall of 1974 heavy snow occurred 
on October the 15th and on October the 17th two 

feet of snow at placer River, Hire North 
snowpacking roads using Bombardier very little 

frost 1N the ground. So there on October the 17th, 
1974 Hire north are doing what we suggest Arctic 
Gas would also be doing about that time. 

Moving on to the -- 

THE COMMISSIONER: Excuse 
Me, that last paragraph is interesting, he says 
that he thinks that more damage can be done by allowing 
late spring travel than by allowing early start up. 

A Yes; (siryol-agree, that 
is interesting. I should have read it in. 

The last sentence of that 
paragraph says that except in the very odd year it 
would appear anticipated start up date would be no 
earlier than November the 7th. 

Q So you would say that 
supports your argument that further north, the 
November lst date would be realistic. 


A Yes)a and? IX think’ that 


the next two pages might illustrate that, Mr. aiiaiaaee! 


which is taken from a report by the Land Use District 


Officer in the Inuvik area and the first item there 


“on October the.29th, and this is in the 1973° -74 


construction season, that the use of a Bechtel 
rologon, 15 tons, initial road preparation on frost 
depth of five inches with snow three to six inches and 


this was on October the :29th, 1973. 
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G.L. Williams 

In Chief 
That was €r One particular project,the Gulf 
winter road near Parsons Lake. 

6 Again, down near the bottom 
of that first page, another Gulf project, the same 
procedure started October the 26th, 1973, and on 
the last page, on another Gulf project and it is 
noted that it is in the tundra area, that on 
Octoberjthe 9th, 1974, the use of delta three in 
preparation of Rat Airstrip. Again, I presume 
that that was snow compaction work. Again at another 
project on October the 15, 1974, dragging winter 
road and repairing road, and then later on they went 
on to do some flooding and icing of roads. 

T understand that Gulf do 
have a jsnow manufacturing machine, a ski hill 
type gun at their camp near Swimming Point and they 
do use it to augment snow cover mainly on winter 
airstrip construction. We plan to monitor that 
work and it is due to start any day now. 

MR -GENBST:a Samp that 
concludes my examination in chief of Mr. Williams, 
ene Chek sir, whatever rebuttal we might have 
after we have heard Dr. Adam's cross-examination. 

MRYSSCOTT Fi Mr. cCommissioner , 


I think it is proposed by all counsel, if you don't 


object, that assuming Mr. Williams will be here some- 


time next week, we defer cross-examining him 
next week.In the nature of the problem it is difficult 
to give an advance notice of what is to he @iscussed 


and so I think all of us, with one or two exceptions 
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BURN ABINE 2; Ge G.L. Williams 
In Chief 
1 much of what Mr. Williams says is new and fresh. 
« So, do I understand, Mr. Genest, that Mr. Williams 
3 won't be too far away next week, or will he be --? 
a * MR. GENEST: Let me ask 
3 Mr. Williams. 


A I have not received my 
instructions for next week Mr. Genest. 

MRie SCOTT? Well PSiat’ the 
very worst, Mr. Williams is on the panel that relates 
to phase II and III, panel number 1, and so he cannot 
be too far away, though he may not be present early 
in the week. 

THE COMMISSIONER: He micht 
be at the end of a table. 

MR. SCOTT: Well, he will 
be in his usual place. 

MR. GENEST: Without the 
Beet CEN . (WITNESS ASIDE) 

MR. “SCOLT s TP that 2s 
acceptable, Mr. Commissioner, I would just like to 
run through briefly the work that we propose for 
next week. Messrs. Weedon and Parker will be recalled 
at the beginning of the week to be cross-examined by 
all participants. Mr. Marshall I think commenced 
the cross-examination of one or both of them, but 

“indicated he was not finished and we will continue 
and complete their cross-examination. 

THE COMMISSIONER: Yes, 

Mr. Bamfield -- or Dr. Banfield, a witness for Arctic 


Gas at Whitehorse, gave,evidence and was severely 
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critical of Dr. Weedon, the biologist from Alaska. 
take it that Dr. Weedon has seen a transcript of 
what Dr. Banfield said about him. 

MRe SCOTT: PL don't «know 
that, sir, he is Mr. Anthony's witness. 

THE COMMISSIONER: Oh, he 
is Mr. Anthony's witness. 

MR. SCOTT: I presume that 
he has. In the event that he hasn't I will do my 
best to get it to him first thing on Monday morning 
and indeed if possible we might begin with the 
Witness Parker first if Mr. Weedon wants some 


time to examine that transcript. 


Bi 
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THE COMMISSIONER: You can see | 
if someone will phone Mr. Anthony today and make sure that 
Weedon did get that transcript, because Dr. Banfield | 
was, I thought, very critical, to put it mildly. | 

MR. SCOTT: Messrs. Weedon and | 
Parker then will be the first two witnesses to be | 
cross-examined by all. Mr. Owen-Hughes will be the 
third witness to be cross-examined by all persons. 

THE COMMISSIONER: Would you 


mind reminding me what his evidence was about? 


e 





MR. SCOTT: Well, as I wasn't 
at Whitehorse on that occasion -- 

THE COMMISSIONER: That was 
rhe == 

MR. SCOTT: He was the govern- 


ment servant. He was called by Mr. Anthony also, though 





a government servant, and he gave evidence on terrain 
typing. 

THE COMMISSIONER: Oh yes, 
I remember that. 

MR,. SCOTT: And it may be that 
Berea see toa pante may have some questions to ask him. 
We certainly will. So he will be the third witness. 
Then Mr. Anthony has given notice that he intends to 
call two other witnesses on the alternative corridors 


> 


issue -- Messrs. Rutter and Rowed, and they will be 





called fourth and fifth, examined in chief and cross- 


examined. The only difficulty about time there is 
that Mr, Rowed will not be here until Thursday morning. 


| 
oa 
THE COMMISSIONER: What corridor 
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will they be talking about, the Fairbanks corridor 
or .the == 
i MR. GENEST: Franklin, I 

think it's east of Franklin. 

MR. SCOTT: It's the edge of 
the shield and east of the Franklin. 

MR. GENEST: Under Great Bear. 

MR. SCOTT: Then I would 
propose that we, if Mr. Williams is around, that we 
might cross-examine him on what he has said today, 


e 


and then we would conduct the examination in chief of 


panel 1 in Phase 2 and 3. I have arranged, and I-think 


all counsel agree to this, that in order to avoid 
bringing all the members of that panel who would not 
normally be cross-examined next week, that it will be 
useful to bring only one or two persons who can speak 


generally to all the issues and read the evidence, 


it being understood that at the time of cross-examination 


the appropriate persons in each of the free disciplines 
or in each of the three areas covered by the first panel 
will be available to be cross-examined. 

I remind counsel, for what 

it's worth, fhat the proposal with respect to cross- 
examination of this panel is that cross-examination 
of the panel be divided into three parts: 
1. A complete cross-examination as to terrain issues. 
2. A complete cross-examination as to water resources. 
3. A complete cross-examination of air quality. 

That will make it possible 


for Mr. Genest to have some leeway in bringing the 
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| appropriate people here and will, I think, make it | 
2 easier to absorb the impact of the evidence-in- chief 

3 and the cross-examination. 

4 MR. GENEST: Sir, what that 


5 overlooks that Mr. Scott has -- we're quite prepared 

to do that. I am not as optimistic on time as he is. 

For instance, this week I would have thought our own | 
estimates that our geotechnical people would be ona 
Tuesday afternoon, and then I assume the cross-examina- 
tion of Mr. Longlitz and Dr. Lewis and Dr. Adam. 

There is the issue of the 
corridor phase of any rebuttal evidence, as to witnesses 


brought forward by CARC and any other party; but we 


really can't make any decision on it until our 


cross-examinations have been completed. 
There's an outstanding issue 
that was raised by Mr. Gibbs at Whitehorse as to seg- 


mented line costs which has to be dealt with. Now I 


don't know if -- 
THE COMMISSIONER: The compar- 
ison of Fairbanks 294 Mackenzie Valley. 


MR. GENEST: That's right. 


MR. SCOTT: Those two issues 
obviously require to be dealt with during the week. 

_ There is the possibility that Mr. Gibbs will be asked 
either to make a statement or perhaps to lead a witness, 
I don't know, it will be up to him, as to his position 
with respect to alternative corridors for Foothills 


application. I'm judging at the moment that whatever 





course he adopts he isn't likely to take up too much 
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think, is talking about the other. | 











time, and I would have thought that it would be possi- 
ble to finish this work in the week. We have one 
community hearing,’ I think, on Wednesday of next week, 
and I would hope that if necessary we could, when we 
see how we're proceeding, we could sit an hour or two 
in the afternoons, or as may be required, so that a 
real effort is made to finish this, so that when we 


begin the next session we will be square into Phase 2 





and 3. 

Now the one rider on that is | 
the problems that Mr. Genest and Mr. Gibbs may have | 
about rebuttal evidence, and I would simply suggest that 


that should be left to be dealt with. As someone said 





earlier, we'll jump off that bridge when we come to it. | 

MR. GIBBS: Well, on the 
question of the financial evidence that Arctic Gas 
were to produce, sir, following the Whitehorse hearing, 
we can't very well deal with that next week until we 
get the financial material. 

MREnScoTT: Thaé'’s aight: 

THE COMMISSIONER: I don't 
thankwitts tfinencialh: of thinksMrasScott wants syou ite 
indicate at gome stage where you sit on this FAirbanks | 
thing. 


MRe SSCOTTXGIM EhaGibbs yor 





MR. GIBBS: Yes, there are two 
issues. That was the first one and I was just reminding | 
Mr. Scott that we can't deal with those financial 


comparisons until I get:‘the financial material that 
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1 Arctic Gas was to produce. | 
é MR. GENEST: That should be | 
3 ready, I understand, early next week, so I agree with | 
4 Mr. Gibbs, he can't very well be expected to take a | 
5 stand until he sees what we produce. | 
6 MR. GIBBS: With reference to | 
7 the alternate corridors, Mr. Commissioner, we will be | 
8 making a statement and not calling a witness. | 
9 THE COMMISSIONER: One other 

10 thing, Mr. Scott, Commissioner Parker and Dr. Weedon | 
11 from Alaska are not subject to the Inquiry's writ or | 
12 Subpoena. They appeared in Whitehorse and are 
13 appearing here Monday as a matter of courtesy to the | 
14 Inquiry, and to Canada, I suppose. I'd like you 
15 to make sure we tailor the hearing to their convenience. 
16 So if they want to sit Tuesday evening, we should | 
17 accommodate them -- no, not Tuesday, Monday evening. | 
18 If they are the first witnesses Monday afternoon, | 
19 then we should carry right on Monday evening, as we | 
20 usually do, to accommodate them. I*@ just. like you 
21 to make sure that we let them get away on the plane 

ee 


they want to get away on as fast as possible, because 


23 they are really -- 





24 MR. SCOTT: Well, I think, my 
ri present estimate is that it's unlikely that we would 
264° finish both of them on Monday, I think we can | 
27 negotzte to see who wants to go first and that sort | 
28 of thing; but I would propose that in order to get 
29 through all this work we will have to move, using | 
30 every aVailable moment next week. 
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1 - THE COMMISSIONER: Well, let's | 
2 -- we have a weekend now to recuperate, so let's begin | 
3 to think in peunanee sitting during the evenings next 

4 week, wherever that is necessary. Monday evening 

5 certainly, and we'll be Wednesday evening at Latham | 
6 | Island, so we might even have to consider sitting | 
7 Tuesday evening and perhaps Thursday evening as well, | 
8 just to make sure we wind up all of that work next | 
9 week, because then we have another week to recuperate. 
10 MR. SCOTT: Yes. 

blak Two other matters, I WOuld | 
12 like, if there is any time next week, to have a meeting 
13 | of counsel to discuss a number of matters. I was 

14 thinking perhaps Tuesday. Mr. Marshall always provides 
15 the refreshments, and perhaps he could be induced to 

16 do that at the break Tuesday evening. 

17 With that in mind I would 

18 like to have before Tuesday the responses of the | 
19 various counsel to the survey that we circulated as | 
20 to their estimates of time. | 
21 We've heard from Mr. Bayly. | 
22 We've filed our own response. I don't think we've | 
a3 heard from ahybody else and I'd be grateful, particularly 
24 if the two applicants could let us have their Seen 
25 no matter how rough, on or before Tuesday. 

26) The last matter relates to the 
27 index. As a result of what Mr. Marshall said, our 

28 loyal indexers are. offended and in revolt. He said that 
29 heacouldnit find panye-t 

30 | MR. GENEST: He's on a frolic 
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Of hisiown. 
MR. SCOTT: He said that he 
couldnt: find Any sweaee: any references to horrendous, 
to frost heave, or to thaw settlement. 
As far as horrendous is 
concerned, it is not indexed. Nothing is indexed under 
"horrendous", perhaps because it's an adjective that 
applies to most of what we've heard. 
With respect to frost heave, 
he can find that if he looks at the index to the index, 
and he ain find that frost heave, you're referred to 
pipeline frost or pipeline frost heave. 
{tf he's looking for thaw 
settlement, if he looks under "settlement" he will 
find only a reference to native land claims, but if 
he looks under "differential settlement", which is the 
context in which most of the settlement questions have 
been discussed, he will find adequate reference to the 
index.’ 
ittake 422 that this isnot 
an expression of any intention of his not to pay for 
the index, and we look forward to seeing that that's 
done from time to time. 
MR. GENEST: Tuesday night. 
In kind. 

THE COMMISSIONER: Well, 
there's just one other matter. In keeping with the 
Inquiry's policy of ensuring that the participants 
are advised of things they are entitled to know about, 


I should place it on the record that at my request 
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and Dr. Morgan 
Dr. Fyles, who heads-our Inquiry Appraisal Team,/ went 


to the Soviet Union with a delegation from Canada in 
September, Pecan ike in October, and they visited the 
Gas Ministry in Moscow and spent something like two 
weeks visiting gas -- the gas pipelining system in the 
Soviet Union, and in some way, that I leave to Commis- 
sion counsel, their views and opinions will be disclosed 


to the Inquiry. 





MR. SCOTT: One other matter, 
Mr. Commissioner, if you're finished that, is as we 
near the end of Phase 1, we wrote to all of the 
participants asking them if there were any members of 
ANN IOn ey : , 
the Assessment Broun Dareiel pared in the preparation of 


the PAG Report, whose evidence with respect to Phase 1 


matters they required us to lead, and we have now 





completely responded to those requests, and I regard | 
our duty there discharged. 
THE COMMISSIONER: All right. 
Well, we'll adjourn then until Monday. I take eeeue 
Guclock) Monday is satisfactory, is, that all right 
with you, Mr. Gibbs and Mr. Genest? 
MR, GENEST<s Sir, L will not 
be here next ‘week. I have another matter. Mr. Marshall 
will and I take it he is used to getting up at four 
in the morning to catch the plane to Edmonton, so I'1l 
"tell him that's the hour. 
MR. GIBBS: Yes, I'll be making 
my agreement on behalf of Mr. Hollingworth, who will 


be the same early rise. 
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1 MiewocUrr: Obviously wer 11 

2 | proceed with more despatch next week than we have this 
3 | week, under Peer ee oe 

4 THE COMMPESSTONER: O.-K.<, well 
5 we'll adjourn to one o'clock Monday. 

6 MR. °GENEST: I just wanted 


a the dastrthing on the record” is my strong objection 





8 to Mr. Scott's last statement, so we can't end on 
9 sweetness and light. 


10 (CROCEEDINGS? ADJOURNED, TOTOCTOBER 20) 1975) 
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Weedon & Parker 
In Chief 


1h Yellowknife, N.W.T., 
Octobexni20 , 1975. 
(PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT) 
THE COMMISSIONER: Well, are 
we ready to go? 
MR. SCOTT: Ready, Mr. 


Commissioner, and it looks like Whitehorse because 





our Whitehorse panel is back today. 


e 


MR. ANTHONY: Mr. Commissioner, 


I believe that we were to continue on with the alter- 
nate route evidence, and you see before you Mr. Paneer 
the Commissioner of Highways, and Dr. Weedon, the Dir- 
ector of Planning & Poliemss the Governor's Office, | 
and they are here now to proceed with cross-examination| 
You listened to their evidence at Whitehorse. 
Before turning them over to 
my friends" questioning, as they left Whitehorse -- 
and this is found in Volume 54 of the transcript, 
page 7585, there were some questions about snow roads 
put to Mr. Parker by Mr. Marshall, and Mr. Marshall 


provided the Northern Engineering Services Snow Roads 


Report to the State of Alaska officials, and I indicate 


on the general question, and on those reports in 


DPatticular. 


ROBERT WEEDON, 
WALT PARKER, resumed: 


at that time that they may wish to make some comment 
DIRECT EXAMINATION BY MR. ANTHONY (CONTINUED) : 


Q I was wondering if Mr. 
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Weedon & Parker 


In Chief | 
1 Parker would perhaps start by making those comments | 
2 and indicating the Alaska experience with snow roads, 
3 and then going onto a comment about the Northern 
4 Engineering Services Reports that Mr. Marshall provided?| 
2 THE COMMISSIONER: Go ahead 


Commissioner Parker, if you would. 

WITNESS PARKER: Yes. The 
Department did review the Northern Snow Roads Report | 
and having had no opportunity to observe the experiment 
on the ground, we are un—able to comment at any great 
length upon it. I guess our attitude at the ae 
would be operationally not proven, and as thapplication 


of the test results to an operational Situation, and 





excepting the construction methods used, why without 
more testing in an operational sense as to the ability | 
of roads to stand up to continual use of heavy equipmat, 
and such things, why we really can't say whether they 
really will work and do the job as proposed, providing 


they can be built. 


THE COMMISSIONER: That's your | 





observation -on the Arctic Gas Report on its snow road 


test in Inuvik? 


A Yes. 
Q Yes jarugnt.. 
A The point on the continual 


use of heavy equipment is, we believe, an important 
one, which requires further investigation, and that's 


based upon our recent experience with the Arctic haul 





road that is being used to build the Alyeska Pipeline. 


We have had problems in maintaining the road with the | 
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Weedon & Parker 
In Chief 


continued use of heavy equipment, and we are certainly 





SONG ico. De, Looking further into thas. 

Regarding the general history 
of the use of snow roads in Alaska, it begins back with 
the original use of cat train, in other words, sleds 
pulled by caterpillar tractors or other tracked vehicles 
during World War II, and these did not in essence use 
snow roads. All they did was take off across-country, 


clear the timber out of their path, and there was no 





particular attempt made to protect the overlying vege- 
tation, and of course there was some damage due to 
that, and of course Alaska is criss-crossed with these 
roads, but these are not snow roads in the sense which 
we are considering here. 

In the initial stages of the 
development of the Prudhoe field, an attempt was made 
to build an ice road to the Arctic Slope, and in this | 
case the road was prepared for use by trucks and it was 
in effect the over-burden was bladed aside and an ice 
road was created either frozen ground or ice, depending 
upon the surface, and this did not prove to be a 
successful experiment. Very little traffic was moved 
over it and we continued to rely primarily upon Hercules 

‘aircraft and barges for the development of the Prudhoe 
field until the road which accompanies the pipeline 
was completed in the fall of 1974. 

We have no experience with 
moving large amounts of freight over snow roads similar 

to those proposed in the Gas Arctic proposal, and there 


have been, to my knowledge, no serious efforts to really 
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Weedon & Parker 


in Chief 


construct a road in that manner. 


During the Dew Line days, 


in the period from 1950 to 1957 there was a good deal 


of movement of traffic over land, but 
case the vehicles were adapted to the 
special vehicles were built, and also 


deal of use of the same techniques in 


A guise ah oi) oe a2) 
terrain, some 
there was a great 


World War II. 
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In Chief 


If a serious attempt was 


made to use snow roads in the sense that we are 
considering them now during that period, it has not 
been brought to my attention, nor has our research 
on this unearthed it so far, that is about the 
history of our experience with snow roads which is 
in essence none really at all in the sense that we 


are considering them here. 


¢ 





Q Mr. Parker, I have 
one further issue, perhaps. I believe that in Alaska 
you are uSing what are called thin work pads as 
distinct from roads and also as distinct from snow 
roads. Would you describe what they are and how 
they are used? 

A Yes. During the 
design review of the Alyeska Pipeline, there was a 
strong desire by all parties concerned to conserve 
gravel, and it was proposed to Alveska that they 
utilize snow work pads which in essence,would be a 
snow road and they had given this a great deal of 
consideration because of the obvious cost savings, 
They had the option of utilizing one or the other 
and still retain that option if they can use a 
snow workpad which will protect the tundra from 
degradation, why they would probably be issued a 
notice to proceed-on that. 

As I “Said, both the federal 
and state offices made a strong effott to get as 
much snow work pad incorporated into the desion 


as possible. Thus far we have used an alternative 
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In Chief 
Means which is a thin work pad for aes construction 
which is essentially 18" of gravel and, put on during 
the winter, and then they heavy equipment is mobilized 
when the ground stability is as firm as possible and 
got out of there well before any thawing action 
occurs, and that limits you to about ten to twelve 
weeks to get your heavy equipment in and out. 
The thin work padscan then be utilized for lighter 
weight equipment as seasonal conditions permit. 
We have used -- the thin work pad has been a success 
in some areas and not in areas. In some areas the 
initial 18" is not enough and it had to be built 
up to three feet to do the job. In other areas 
18" . did prove satisfactory. The spreads, the : 
construction crews moved in, did their job, moved 
out and left thé work pad and the gravel savings were 
achieved, I have had no opportunity to observe 
thin work pad construction on the Arctic slope as 
yet. I haven't been able to observe it south of 
the Brooks Range, and south of the Alaska Range and 
generally itvhas worked there as we hoped it would 
except in those areas where it was necessary to build 
it up due to the instability of the pad at 18" 
‘We are,of course, monitoring this very carefully 
and will hopefully come out of this winter with a 
very good idea of where we can use minimal amounts 
of gravel and still not break down the tundra cover. 
What you have left, of course is 18" of gravel on 
top of the tundra and we are not sure yet what effect 


this is going to have in the final analysis. In the 
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areas I haveobserved I have not been displeased with 
the way in which the work pad is being resorbed into 


the tundra. However, we have no real knowledge yet 





as to whether this new thermal regime that has been 
imposed, whether it will act as a heat sink and 


cause thermokarsting or not eventually. It could, 


but that was the chance we took in order to save 
as much gravel as possible and we of course don't 
believe that it is going to be serious or we wouldn't 
have approved the procedure in the first place. 

MR. ANTHONY: Thank you. 


Now, would you gentlemen answer any questions that 





other counsel may have? 
MR. MARSHALL: Mr. Bare weheek 
I believe when we were in Whitehorse I had begun | 
the cross-examination of the panel and I propose to | 
continue even though it is out of the usual order. | 
Perhaps before I do I should mention, sir, that Mr. 
Gibbs had requested of Mr. Dau a certain breakdown 
of cost information -- 
S THE COMMISSIONER: Relating 
to the Paiebaaie route. 
MR. MARSHALL: Yes, sir, 
and Mr. Dau has prepared such material, I have 
had it delivered to Mr. Gibbs in Calgary this morning. 
I have brought additional copies for counsel. I have 


distributed them to those who were here early. I 


think I have missed Mr. Bayly and Mr. Bell, and I 





think Mr. Templeton is not here today. I have 


these available and I will give them out. | 
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BURNABY 2, B.C. Parker, Wacdon 
Cross-Exam by Marshall 


. THE COMMISSIONERSe Alibericht. 
CROSS-EXAMINATION BY MR. MARSHALL (continued) : 
@) Mr. Parker, if we could 

just begin with the evidence that you have just 
given today. You made reference to the Alyeska 
haul road. That, sir; is%not a’snow roadsaccording 
to the definition that is being used by Northern 
Engineering? 

4 A No, the Alyeska haul 


road is constructed to the State of Alaska and 


the United States Seconday Highway Standards. 
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Cross-Exmam by Marshall 


Q New, sir, the other 


‘ 


example that you were giving related to -- firstly 

to the paths cut by the cat trains and ise was really 
no snow road at all, I take it it was just the cats 
cutting a path through the . forested areas. 

A Thabkceconeect. 

Q You also mentioned an 
ice road to the Arctic Slope. Do I take it this would 
be the so-called Hickle Highway? 

A Yes sir. 

Q And as I understand it, 
that wasn't a snow road or an ice road as such, it's 
more what we call herein Canada a winter road, such as 
is used in winter construction areas, say in Alberta. 

A Yes, that's correct. 

Q So neither of those 
examples then really would be snow roads. 

A Right. 

Q Now sir, I was wondering 
whether your experience of the use of snow roads would 
extend to the use of such snow roads in the Mackenzie 
Delta in recent years by oil and gas exploration 
companies? 

A No, we have never had an 
opportunity to observe the snow roads in the Mackenzie 
Delta. To the best of my knowledge, why no one in 
State Government at this time has had that opportunity;i 
so they have not come forward. 

Q Sir, I listened with 


interest to your description of the thin work pads that 
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Cross-Exam by Marshall 


Alyeska has been using, and I was wondering, sir, 





whether or not use of these thin work pads was under- 
taken without any operational proving or testing? 

A No. There was testing 
of the thin work pads at the Fairbanks site, and it 
was based on those tests that we went forward with the 


thin work pad approval. 





Q Thank-you, Sita DE 


Weedon,. I have some questions for you, sir. Would you 





have before you Volume 54 of the transcript of the 
proceedings of the Inquiry? 

WITNESS WEEDON: I do not. 
I have my transcript of my own testimony. 

Q Fine, that's what we 
will be dealing with, sir. 


THE COMMISSIONER: Are the 





pages ‘numbered? 


A Yes, they are. | 

THE COMMISSIONER: Oh, fine. 
We'll be able to carry on. 

: A Mr. Marshall, my direct 

ee ineen by Mr. Anthony is on my page No. 7449, is 
that going to be consistent with your numbering? 

MR. MARSHALL: Yes. I take it 
you have a photo copy of the transcript? 

A inate S.cOrrecet. 

Q Pane, Six. We're able 
to proceed. All Ligue, tie Lireat thing Twanted to 
get into with you, sir, was pertaining to your pro- 


fessional experience that related specifically to the | 
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Weedon & Parker 

Cross-Exam by Marshall 
North Slope in Alaska, and especially the proposed 
route that would be followed by Alaskan Arctic Gas. 

THE COMMISSIONER: Excuse me, 
Mr. Marshall. 

MR. MARSHALL: Yes sir. 

THE COMMISSIONER: Just to 
re-orient myself, when you gave evidence before the 
Inquiry in Whitehorse, Dr. Weedon, you said that you 
favored the Prudhoe Bay gas being taken out via north- 
south route, and you were opposed to the notion of a 
gas pipeline such as Arctic Gas proposes taking Prudhoe 
Bay gas along the North Slope of Alaska to the 
Canadian border. ‘hat was essentially your position? 

A Yes, that's the position 
of the state. ) 

Q And it's one to which you sut-- 
scribe. withoutreservation, I take it? | 

A Yes. 

MR. MARSHALL: Q Sir, I was 
wondering if you could tell us about the professional 
work that you as an environmentalist have undertaken 
that pertains specifically to the North Slope area of 
Alaska with which we're concerned? 

A I have done none with 
the exception of a short piece of work, approximately 
two weeks in duration, in the summer of 1960 on the 
Prudhoe Bay-Colville River delta area, and it was done 
on waterfowl,specifically black brandt. 

Q And that's the extent of 


your work in this region? 
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A That's correct. 


Q Sir, on page 7456 of the 





transcript you deal with various environmental criteria 


ae 


and near the bottom of the page you speak of: | 
MOULPIMNOSt “CricLoamrconcermns:, our judgments, ” | 

| 

and so on, and a familiarity with the Alaskan portions | 


of the proposed routes. Now sir, I was wondering who 





Pe was that you were including within this term “our"? || 
I take it that that included yourself. 


A Yes. It is a somewhat 





global term, and I am here to represent the State of 
Alaska, and what I have said here is first of all an 
accurate statement of the summary position of the State 
of Alaska. I am reflecting my conversations with | 
quite a large variety of biologists and environmental 
Scientists of Various sorts. .So that in this paeeieurer) 
case when I say, "our judgments are", I refer to the 
judgment of people other than myself, as well as 
myself. 

MR. MARSHALL: Mr. Gommissioner | 
and Mr. Anthony, the witness' answer causes me some 
difficulty in the sense that I'm not really sure whose 


Opinions we're dealing with. Dr. Weedon indicates 





that the opinion expressed is that of the state of 

Alaska, and he's talked to a number of individuals and 
so on. I want to cross-examine in some detail about 
the opinions expressed. Am I to take it that Dr. Weedon | 


cannot speak to these various matters? They don't | 





represent his, that he's simply a spokes-person or 


other unnamed individuals? Perhaps Mr. Anthony can help} 
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me on that. 

MR. ANTHONY: I would suggest 
that really Dr. Weedon is here, pei cucae) as head of 
a Department in the State of Alaska that has studied 
it, and hdsd@viously relying on the views and opinions 
of a large number of various environmental consultants, 
as much as Im sure Mr. Dau gave evidence relying on 


Northern Engineering, and- Mr. Horte gave evidence 





relying ‘on Northern Engineering. ivthink«thats 1f he 
has any -- the position he's expressed is that of a 
Department that he heads within the State of Alaska, 
and as he says, also an opinion he subscribes to, if 


there's any distinction between the two I would expect 


he would make that cilia ri 
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1 MR. SCOTT: Mr. Commissioner, 
“ I wouldn't have thought the question posed any 

3 particular problem, Tf these opinions are shared by 

4 Dr. Weedon, no doubt he can be cross-examined on them. 
) If the opinion expressed isn't one that he shares, 

oy he will no doubt say so and that will be the end of 
7 that matter. 

8 MR. MARSHALL: Well, I ar 

9 prepared to proceed, sir, I have some ouestions 

10 Gidea e1ntend aso, fol low panto adevelopsthise»more fully 

11 and we can just carry on and see where it cets us. 
12 @) I was wondering, sir, 
13 if you could tell me then who the various individuals 
14 were who were involved and what disciplines were 

15 represented by those individuals and what their 

16 particular fields of expertise were that relate to 

1? the subject of your. address. 

18 A There are both federal] 
19 and state personnel involved and I might refer you 

20 to the Bureau of Land Management Report which I 
21 have tabled.- I am sorry. I ouess this report was 

22 tabled prior to my comino on the scene. Counsel, do 
23 you have a reference for the Bureau of Land Management's 
24 Environmental Impact Statement? 

25 MR. ANTHONY: I believe that 
26 the one volume of the statment was used by me in 

a cross-examination. I am afraid that I don't have the 
28 exhibit. number, but.I can locate that for Mr. 

29 
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1 THE COMMISSIONER: Excuse 
é me just a moment. Maybe we could dig it out right now. 
3 A It is part II, Volume I 
4 is the main one that I use as a reference, I | 
5 refer to that simply because in many of those instances 
6 where I make particular factual statements or summary 
7 | statements I am referring, uStng as a reference, 
8 all of those people expert in various environmental 
9 areas that undertook the studies for the Federal 
10 Government, for the Bureau of Land Management, . i 
11 am sorry that I cannot personnally list them all, 
12 but they are there as participants in the study. 
13 In addition to that the 
14 State of Alaska has over the years, certainly pre- 
15 dating the discovery OF oil in Prudhoe Bay and post- 
16 | dating that discovery, has conducted quite a considera ie 
17 amount of research on various wildlife eae in | 
18 Northern Alaska. This experience is reported in 
19 numerous reports, many of which are cited in that 
20 Bureau of Land Management Impact Statement, and it 
21 is that body of data and in fact those very personnel 
22 whose judgments have been passed on to the Commissioner 
23 of Fish and Game, Commissioner James Brooks, whose 
=" testimony and participation in our State of Alaska's 
aa working towardsa position on this matter have been 
26 critical in giving us the input on fishery and wild- 
ei life matters. ae 





MR. MARSHALL: It is not 


clear to me which report the witness is referring 





to. Is it the blue documentethatiis entitled 
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Alaska Natural Gas Transportation System Draft, 
Environmental Impact Statement? 

A I believe that is 
correct, yes. 

Q That is the United 


States Department of the Interior? 


A That is correct. 

‘@) Not the Bureau of 
Land Management? 

A The Bureau of Land 


Management is a portion of the Department of the 
Interior. It is a bureau within the department, it 
was responsible for preparing that mpact statement. 

Mr. Commissioner, and Mr. 
Marshall, the Gas Pipeline Study Group is a specific 
group within the Department of the Interior that -- 
but that is a temporarv and ad hoc group that was 
put together for the purpose of doing this draft 
environmental impact statement. 

0 Well, I take it then, 
Dr. Weedon, what you are saying is that that report 
is one of thhe documents on which you rely in support 
of your evidence. 

A Thats correct. 

Q I imagine that during 
the course of our discussion this afternoon we will 
get to more specific aspects of that as they apply 
to the various subjects, that are encompassed. 

Now, sir, you made specific 


reference to the draft Environmental Impact Statement. 
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“ You made general nefernce to work that has been done 

< by State agencies in Alaska. Can you be more 

3 specific than that as to which materials it is that 

4 you are relying upon and have relied upon in support 

5 of the statement that you have given? 

6 A The State of Alaska 

7 with the change of administration in December of | 
8 this last year put together a task force or study 

9 group headed by Commissioner, or Attorney General, 

10 Avrum Gross who is the Attorney General and head 

11 of the Department of Law in the State of Alaska. That 
12 study group or task force is comprised of a number 
13 of commissioners, each of whom then is an executive 
14 head of a department of the government, with an | 
15 interest in this gas pipeline question and the | 
16 Potuuesieh ere nvolved: tor heads of -- executive heads | 
17 of departments are Commissioner James Brooks of | 
18 Fish and Game, Commissioner Ernst Mueller, M.U.E.L.L.E.R}, 
19 of the Department of Environmental Conservation, 
20 Commissioner Parker who has testified here on behalf 

21 of the Department of Highways, Commissioner Donald 

22 Harris, head of the Department of Public Works, Commis- 
23 Sioner Guy Martin as the head of the Department of 

24 Natural Resources. Have I left any out,Walt? Yes, 

25 Commissioner Motley, the head of the Department of 

a Commerce and Economic Development. That is M.O.T.L.E.Y. 
27 Now, that task group has been | 
28 preparing for testimony as intervenor in the Federal 

29 Power Commission case, and they have pulled toqether 

30 quite an extensive list of documents on which they and 
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ie have relied) for, for this testimony and more 
particularly for our testimony before the Federal 
Power Commission in Washington, D.C. 

THE? COMMISSPONER: **in’ that 
report, that was a report prepared for Governor 
Hammond, as I recall. 

A That is correct. 

THE COMMISSIONER: Because 
upon his taking office he wanted to take a fresh look 
at the Fl Paso project and the Arctic Gas project, 
and as I recall the report from the Attorney General 
indicates that the group was somewhat unimpressed with 
both the El Paso and the Arctic Gas Projects, is 
that a fair summary of the way they looked at them? 

A In terms of the amount 
of detailed and factual data on which we could 
go on a mile by mile analysis of the proposed routing, 


yes. 
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i a Q Sir, in the early part 
2 of your direct evidence you filed a number of exhibits 
3 of the State of Alaska, and I believe you described the 
4 as outlining to the best of your current knowledge the 
2 existing situation in the Alaskan Arctic, with respect 
6 to both natural factors and development factors. Now 
7 again sir, when you were speakng of -- I think your | 
8 phrase was, “our current knowledge", you were referring 
2) to yourself, were you, sir, or your department, or 
10 just exactly what was it? 
Ret A I'm trying to find the ref- 
LZ erence to "our current knowledge". 
13 Q You. might, look at 7458 
14 at the bottom of the page, line 30. You say, and I 
15 quote: 
16 "It's replete with both text and statistical and 
17 illustrative material, both photographs and 
18 maps which outline to the best of our current 
ee knowledge the existing situation in the Alaskan 
20 | Arctic with respect to..." 
Zi and it goes on. 
22 A The "our" in that case 
23 includes me, as well as other state officials. 
241 - T am talking here about an outline, and a summary, 
25 not necessarily all of the up-to-the-minute nears 
26 Obviously these change minute by minute. 
27 Q But to deal with yur 
28 knowledge, sir, does that include a knowledge of the wo 
29 which has been done by Arctic Gas? 
30 A Which work are you referri 
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1 to specifically? 

2 | Q Well, to begin with, 

3 the work that's been published in the Biological 

4 Report sexies. 

5 A I have only looked Lae 
6 that casually because it's in far too much detail for 

y! me to have said that I could study it. 

8 s I might add here that it's 

9 precisely because of the vast amount of detail and 

10 the rapidity with which new knowledge is being achieved 
11 that we have to have --’we have to rely on a large 
12 number of people to keep abreast in different areas 
13 rather than having one person the font of all knowledge, 
14 and I'm sure that this will be borne out in the number 
15 of witnesses that attend the Federal Power Commission 
16 hearings. | 
17 "WITNESS PARKER: Mr. Commiss- | 
18 foner? 
19 THE COMMISSIONER: Yes sir? 
20 A Could I add something 
21 to that? 
PME) Q Yes. 
23 A The Gas Arctic material 
24 _ which is furnished us on an on-going basis is under 

25 constant review by the Department of Highways regardin 
26 their aspects by the Departmen t of Fish & Game, and 
27 by the State Pipeline Office, each in its own particula 
28 


area of expertise, so the information is being 
29 thoroughly reviewed. I'm sure that the very excel- 


30 lent biological documents have been gone over and 
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over by the Department of Fish & Game. 

MR. MARSHALL: Well, unfortun- 
ately we don't have all the Department available for 
cross-examination. We do have this -- 

THE: COMMISSIONER: This 2sn?t 
getting us anywhere. Of course we don't have the whole 
Department available. We have Commissioner Parker 
and Dr. Weedon as a matter of courtesy, they have 
agreed to come. But they are telling you what the 
position of the State of Alaska is . The State of 
Alaska is opposed to the Arctic Gas line running 
from Prudhoe Bay and across the North Slope to the 
Canadian border. Now that much is clear, and it seems 
to me there's no point in trying to wean them away 
from that position, and can't we go on to the specific 
matters you want to raise? 

MR. MARSHALL: Well, sir, I 
Suppose you've put your finger on the nub of the whole 
question. If it's clearly recognized that the 
evidence that's been put forward by the witnesses of 
the State of Alaska is an advocacy document, is a 
position paper of the State for which there is a 
collective concensus among the Governor and his staff, 
if this is the position of the state and its accepted 
by the Commission as being simply that, I'm quite 
content to leave it completely and not cross-examine 
i ito al Ll. 

But Vf it"s being put. forward 
as representing an environmental assessment of those 


matters that it purports to access on the basis of the 
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r various ereronnentat disciplines, then I feel I must | 

: pursue it. 

: THE COMMISSIONER: Well, ey 

: you should. They didn't flip a coin in the air and 

2 decide, "Well, if it comes up heads we'll be with 

6 Arctic Gas; tails we'll go for El Paso." They assessed 

ss it and then they came to this conclusion. 

: MR. MARSHALL: Well, sir, that's-- 
THE COMMISSIONER: I treat it 

on that footing. 





MR. MARSHALL: Well, sir, -- 

THE COMMISSIONER: Having come 
Lo that, conclusion, they're prepared to defend it. 
That's advocacy. 

MR. MARSHALL: Well, sir, but 
Dr. Weedon has told me he hasn't read the material. 
He hasn't read the Arctic Gas Biological Report series, 
there are a number of them that pertain particularly 
and specifically to Alaska. Tm ECE KE with a 
shadow, if you like, sir. I'm told that somewhere 
within the collective wisdom of the state these things 


have been looked at. I'm anxious to be able to 


cross-examine people whose opinions are represented 


by the statements that have been made in the evidence. 
Now if it's simply a political statement advocating 
the State's position, fine, I'll leave it, I'm happy 
to leave it there, sir, if it's being accepted as 
being that. 

MR. ANTHONY: Certainly the 


statement is of a collection of people, advisors to 
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the Governor and advisors to the state officials. | 
Now, the position as presented here -- I don't know 
what a political statement means -- but certainly the | 
position that is presented here is a statement of the 


State based on consultants and a number of consultants, 





and a number of advisors. Now, just as we have asked 
Mr. Horte questions, and he's defended these questions 


on the basis of advice and reports that he's not 


| 
| 
| 
| 
| 
| 
read in detail, and we have accepted his views on all 
these points, I think in the same way Dr. Weedon and 
Mr. Parker are here to explain how they came to con- 
clusions and explain the research that's been done by 
their officials, not necessarily by themselves but by | 
representatives of the state, and give the state's | 
view. Now surely that's the way we've been proceeding 


FOEmMoOnthnsi. 


THE COMMISSIONER: Well, of 





course it is. Here you've got Commissioner Parker, 
aman of great experience in the Department of Highways, 
and Dr. Weedon, a biologist. They happen to hold high 
office in the state. They rely upon their own know- 
ledge and experience as well as the knowledge and 


experience of others in making the statements they did 





last month or the month before in Whitehorse, and no 

doubt are prepared to defend them on the same basis. 

But don't say these are merely political statements as | 

is ease on some kind of soap box. | 
MR. M&RSHALL: I'm not saying | 

Phat cL all aol elLeapologi zesif.. lett «that SCR eee. 


I'm saying if that's what they are, fine, I needn't | 
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pursue 2t at. all’. 





THE COMMISSIONER: I think you 


should pursue it, ask the questions you want to ask, 





and let's see how far we get. But it seems to be 
obvious to everyone in this room what the basis is 
upon which both of these gentlemen have agreed to 
appear, and they can't bring the whole department with 


them. Somebody has to keep working. 


td 





MR. MARSHALL: Well, sir, I'm 
happy to deal with the specifics, and I have a number 
of points. 

Q Dr. Weedon, perhaps you 
could turn to page 7459 of the transcript, lines 24 to 
26 you Say: 

",.-hence by bats vegetation you can ndicate 


an entire type of ecosystem with which you are 





dealing." 
Have you found the reference,sir? 
WITNESS WEEDON: Yes, I have. 
Q Do I take that in your 
opinion, sir, you're suggesting that you can character- 
ize an oie ecosystem solely on the basis of vege- 
taciony 
A You've gone a bit beyond 
what I have said here specifically. I have said, 
ese yOu Can indicate an entire type of eco- 
Baten with which you are dealing." 
And I will stand on that, yes. In fact there is a 


map to which I referred that I was tabling at that point 


which is called: 
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"Major Ecosystems of Alaska," 
and they use the simple fact that vegetation first of | 
all is the basis for animal life, and secondly vege- | 
tation is the way it is because of soil and climate 


factors, as well as historic factors of plant distri- 





bution, and thus you can use vegetation as an indicator | 
of ecosystems of living things. 

Q I guess I misinterpreted 
then. You say it's simply an indicator, not -- 


A That is correct. 


Q =>) any more. 
WITNESS PARKER: Mr. Commissioner, 


Dr. Weedon is being too modest. Both he and I were | 
| 
heavily involved in the development of that particular | 
map, and the principle which he enunciated here is | 
well-accepted world-wide by the- international biological 
program who funded the development of that map. I headed 
up the ieee effort ‘at the university on that, 


and it was really Dr. Weedon's concept, along with 


who is accepted world-wide as an expert on northern 


| 
| 
Leslie Verick at the Northern Forest Research Laboratory, 
ecosystems, as iS Dr, Weedon, 
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1 I think, you know, we can | 
2 argue that particular point some time, we would | 
3 enjoy to. | 
. QO Well, my advice 
5 is that there are a number of other factors, not | 
6 merely vegetation that enter into it, such as | 
4 competition amonqst species, predation, human | 
8 presence and various other factors. 
9 ‘ WITNESS WEEDON: : 
A Correct, wend 2 pimice 1 
10 tried to be accurate in saying that the vegetation | 
11 is an indicator of thekinds of these interactions 
le going on. | 
13 Q Turning to page 7462 of your 
14 evidence you say at line three and following: 
Is "Associated with ee proposal is the establish- 
= ment of néw air and possible or probably 
oH road transportation in Alaska where none 
oe now exists." 
19 Now, you are dealing with the Arctic Gas prooosate 
20 THE COMMISSIONER: What page | 
21 is that again? | 
Oe MR. MARSHALL: 7462 sir. 
= A I am talking here about 
24 the Interior Route, so-called, one of the alternate 
proposals to the prime for Arctic Gas. 
ca Q Well, that hadn't 
a been hear to me, sir. Are you also, further down in 
2 that paragraph where you are dealing with the 
“2 sentence: 
30 


"The location of the proposed pipeline corridor 
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facilities could in turn lead to the devel- 
opment of oil and aqas within the Arctic 
National Wildlife Range as well as the | 
Beaufort Sea Offshore Province." 
A Yes, correct. 
0 That is a comment meant 
to apply only to the Interior Route? 
A The statement which I 
made about the possibility of new air,road trans- 
portation systems would apply to the coastal route, 


Bheyprime route, the interior route, in fact, all of 


those routes as proposed which do not utilize existing 





ground transportation facilities, either the Alaska 
Highway, or the existing North Slope haul road and 
the southerly road system of Alaska. 

Q Dr. Weedon deal with 
the coastal Or prime route. It is my information that 
the area has for sometime been a fairly well established 
air corridor, that there has been mite a bit of 
air traffic proceeding east and west along the | 
coast. Are you aware Of GEhat? 


A Yes, and particularly 





more or less recently, fairly major commercial flichts 
going both to Prudhoe Bay and then alono to Kaktovik 
on Barter Island. 

Q And I aqather there's 


also been air traffic along the coastal areas associated 


with the DEW line? 





A Yes, and associated with 


much of the biological research going along there, that 
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i is correct. an | 
2 O Now, sir, you speak | 
3 about road transportation now. I wonder, sir, are 

4 you relating this to the coastal route as well that 

3 is proposed by Arctic Gas? | 
° A Yes. | 
7 | Q What road transportation 

8 do you have in mind, sir? | 
9 ‘ A Well, our judgment as 

10° mentioned by Commissioner Parker is that although 

11 Arctic Gas asserts that it can build a route @cross 
12 the Arctic Wildlife Range, a pipeline across the 
13 wildlife range in one year using only a snow or ice | 
14 | 


road, we have Sincere doubts about that possibility 
15 and feel that there will be gravel used to build a 
16 more permanent ‘road and that that is the basis of 


Li my judgment that you could be. The probability is 





18 there of -- in fact, with the construction of the | 
19 pipeline you will also be building a more or less 

20 permanent road facility there, along Sieben wes, 

21 - Q Six, is thisivan area 

22 that you are qualified in, or is this really an Gani ae 
23 say, of Commissioner Parker, that you agreed with. 

24): A The latter. 

QO The latter. | 
26 


You are a biologist, | 


27 I understand. 


A That is correct. 
29 


O Now, “aie. furtieni orion 


30 the page you say, that page is 7462: 






ae @ — 
Aone 


gecrt 






: a * 





































nas 


(tedaxem ye "AN eaeot 


} ( thy OGY! | +ie , wor 
\ Oe 
.t6hnow Tt wou fol terwoqenssy | bBo HOE 


wa 2 wuodt laqzesoo pe ov aids onisetsx 0 
- , 
tend obsowA Ln bene at 

a | 4 a ? a 


hi. | fj 


Stie ,buim at eved voy ob 


‘ “ _ ws e 
; fe 
hs a2} +4987) 388 aioutoD va hsnoitasm | es 


2s 


le 


dn 38 Sins dsaeene “eas obsseh 
lisqiq’ sé , Spe! SiIbLiw otzo7A an : 
, untay 1ts9y 900 af spnst alate 


asor sed4 Juodé efdvoh atednta Sven Sw. eae dot 
Pree lavate ad ifiw oieas tend fest bis G 


1 of’ mE todd Js@#t Das Heoxr Jnanentrod sxom } 3! 
te my SAT af Blnao voy sedz somone Ye vt 
stenoo add io bw , .g9o6% HE —= 30° ois I 
onlbtiud ed oats Ifiw uO", cnitoate | 


tle naols ateny aa bsor ronan 


ne7en os 2fn2 ai “<te 0 ee pes 
, aify #6) tO Ht Setitisup S15 wow pric BSS 


rh | «ua Jade westet venotee bem63 7 vee 
f ~s278[ afT & . | ae 
i 7 


t~oovsL sAT 4) : " 
| Fi 


reisc\iold # sia gor 


= 
— 


aoe son ab Gel Vn 0d 
: » or a 
She ie 

ROOT BE 
fay 


no tert 2@ 
; ; 





aie | 





ae ln 


i053 


ALLWEST REPORTING L-TO. 
BURNABY 2, B.C. 


Parker, Weedon 
Cross-Exam by Marshall 








1 "The location of the proposed pipeline corridor 

2 facilities could in turn lead to the devel- | 
3 opment of oil and gas within the Arctic | 
4 National Wildlife Range as well as the | 
3 Beaufort Sea Offshore Province...." | 
6 The sentence goes on beyond that, but that is the 

a, part that I am interested in. 

8 Again, sir, does the statement] 
9 apply in your view to the coastal or prime route? 
10 A Meee | 
ll O Now, sir, I was wonderina | 
12 Hrevousiad an opinion on this possibility. If the | 
i3 Arctic Gas Pipeline were not built alona the coastal 
14 POuLe, but if there were discoveries Of O11 and 
£5 gas along the North Slope east of Prudhoe Bay, in 
16 your view, would pipelines for the transport be 

17 built or “would "they not be built? 





18 A Would you ask the 

oe snapper of that question again? 
20 O Well, sir, you say | 
21 that the location of the proposed pipeline could in | 
22 turn lead to the development of oil and gas within 


23 the range. | 





24 |. A Yes. 

25 @) If the pipeline weren't 
26 built along that area, but if there were oil and 

27 gas discovered in the range, would it be taken to | 
28 markets in your view? — | 
29 A It seems doubtful to 


30 me that oil and gas would be discovered in the ranace 


om 
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y unless drilling were allowed in the range and drilling 
2 wouldn't be allowed within the range unless a classi- 
3 fication of the land were made that eee such 

4 co Me id Ug EN Ie 9s I would seriously doubt that if the 

5 area is still a wilderness after this position -- or 
6 this problem of the Arctic Gas application is 

7 settled, then I doubt that in fact a decision would 

8 be made to open up the Arctic Wildlife Range for 

9 exploratory drilling, So my basic point, and I -am 

10 sure that you will recognize it, is that right now 

el we have a wild area there which has yet the potential 
12 , for becoming designated as a portion of the 
ie wilderness system with a capital "W", and I think 
14 I cited that a little farther along in the testimony. 
15 As long as there is not ‘a pipeline laid through the 

16 Arctic Wildlife Range or some other major and permanent 
17 sort of transgression of that wild character of the 
18 land, then I think that the likelihood of releasing 
19 the land for oil and gas exploratory drilling is 
20 rather slight. 
2 i THE COMMISSIONER: But if 

22 contrary to the wishes of the State of Alaska, the 

23 Arctic Gas Pipeline were built either along the 

24]| . coast or through the mountains to the Canadian 

25 border, then it might well be that drillng would be 
26 allowed within the range and you might have a 

Pa, fundamental chance in theestaus of the range, is that 
28 the other side of the coin? 

29 | A Yes, that is correct. 


30 The reason is that the -- by definition, the character 
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of wilderness would have been lost by the building 
of the aqas pipeline, therefore it couldn't be lost 
a second time by leasing for oil and aas -- 

THE COMMISSIONER:Or a third 
Or a fourth: 

A Ora third jorva fourth. 

MR. MARSHALL: 

0 21, gust. cCOMNGer pack 
€O2a £aen you used, "capital 'W' wilderness", I 
understand that that is a term that under the United 


States legislation has a specific meaning, a Wilderness 


aredsis a2 specifically defined area? 


A That is <correct. 

QO And the Range is* not 
a Wilderness area? 

A Thatolesra dit. 

Q And’ i take wit that 


the points that you were makina was that were it 
a wilderness area, oil and gas Biers ee rout not 
be allowed? 
P A Yes. 

Q Given the present status 
orethe: Range, though, I take it; it is in a less 
protected state, if you like? 

A Yes. 

@) ~And with the permission 
of the Secretary who has responsibility for the 
Range, overall responsibility, oil and gas exploration 
can proceed? 


A Yes, and I believe this 
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is the case only if a positive action is taken by 

the Secretary to classify lands within the Range 

so that they are available at that point for oil 

4 and gas exploration and development. 

3 ) It would, as I understand 
6 it, take some act from the Secretary? 

7 | A Yes. 

8 Q But as matters presently 


9 stand, such activities, indeed the construction of 





tw 
(>) 


the gas pipelines are not prohibited by law through 


11 a Range? 


Mate LS) aca 
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¥ Q Onto page 7464, you 
were telling us where Kaktovik is. You say. it's right 


almost at, the Canadian border, 2C Ss nor, istit, sir? 


I understand it's 80 miles from the border. 
A Yes. By northern 
measurements, that's not a very great distance, 


Q It depends on whether 





you're walking, I suppose. You say further on in 
the page: 


"Thus, we don't know right at the moment what 





effect any of the proposed Alaskan Arctic 
Gas Pipeline Company routes would have on land 
use planning by the Kaktovik people." ! 
I was wondering, sir, whether you have been involved 
in all the meetings with the people in Kaktovik about 
the proposal? 
A No, I have not. 


Q I was wondering further 


if you were aware that Arctic Gas fas had continuous 





dialogue with that community? They are, I a instrue— 
ted, very happy at the prospect of a pipeline and would | 
if anything like it closer to the community. Do you kno 
anything about that -- the people of Kaktovik? 

A I was not aware that the 


people of Kaktovik were deleriously happy over the 





pipeline. 
MR. MARSHALL: Perhaps you 
should talk to them. 


MR. SCOTT: Who did you sence 


Mr. Marshall? Mr. Williams or Mr. Horte? 
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That doesn't require a response, as far as I'm con- 
cerned. 

MR. MARSHALL: You won't get 
one. 

Q Getting back for a moment 
to the status of the range, as I understand it under 


the law, as it applies to the range, hunting is pernteeedn 


| 


A Yes. 
: Q Does a state control 
this? 
A Ves. 
Q ; I am told that caribo 
are hunted in the range. 
yx Yes. 


Q And this is allowed all 
year around. 

A Mes = 

Q Have you any idea, sir, 
from the records of the State how many hunters do hunt 
in the range on a yearly basis? 

- A I cannot cite you good 

figures. Thesbulkrotsthe erangesisystillvinaccessible | 
to hunters for any great distance, unless they have 


enough money to fly in and can find a suitable place 





to land and so on, and intercept the caribou. By and 


large, the season is opened in this year-around condi tio 
so that it is legal to hunt at any time of the year 

so that when and if the native people from Kaktovik 
or elsewhere wish to take caribou, they can do so. | 


Q I take it others are free 
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to go in there as well? 





A Yess 

Q Provided they have the 
money. 

A Yesi. 

WITNESS PARKER: Mr. Commis- 
sioner? 

THE COMMISSIONER: Yes sir? | 





A Having been involved in 
the development of those regulations in the past, the 
is a gratuitous comment that we do many things with 
our subsistance regulations such as this unlimited 
season, and no bag limit on caribou on the North Slope | 
only because it is difficult of access; but were it | 
easy of access of course we would not be allowed to 
have that type’of subsistance regulation. 

MR. MARSHALL: It's not meant 


as a gratuitous comment, sir. I'm just trying to find 


out what the status is of the range at the moment. 





WITNESS WEEDON: Mr. Commissioner, 
I might als@ mention that counsel probably knows the 
State of Alaska, through its Department of Fish & Game 
can set the seasons and bag limits for the harvesting 
of any animal there in the Arctic Wildlife Range. 


However, the Federal land manager, the United States 


| 
Fish & Wildlife Service, can exert its own effect on | 
hunting seasons through regulating the trespass or | 
access to the land, because they are the landowners, | 
so that by limiting, for example, the number of sites | 


at which an airplane can land, Or the number of camping 
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places that are open, they can limit the number of 
people who can fly into the area to take caribou, even 
though the season is open continuously and with no 
bag limit. 

MR. MARSHALL: Q Sir, turning 
to page 7467 of the transcript, you mention at lines 
15, 16, that there is no comprehensive land use plan 
in existence for gathering lines and pump stations 
for Prudhoe Bay, Kemik or Kavik fields, or for the 
connection -- interconnections of tose fields. 

Is this an area that you have some responsibility 
for, Dr. Weedon, in your office? 

A I do not have respoen- 
sibility for the sort of physical layout of the oil 
field or gas field facilities as such; but I do have 
responsibility: for overall planning, land use planning 
included in the State of Alaska, and one of the 
responsibilities is to be aware of any such regional 
plans that might have been made by North Slope Borough 
or the Alaska Division of Lands or some other planning 
entity. - 

s Q So compfehensive land 
use planning in the Prudhoe Bay area would fall under 
your overall jurisdiction? 

A No, the North Slope 
Borough has the responsibility for land use planning 
within the borough. However, that borough also includes 
alarge area of state lands, obviously the Prudhoe Bay 
field being among them, and any comprehensive land 


use plan for that area would have to be mutually 
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= 


agreed to by the State of Alaska, Department of 

2 Natural Resources, and the North Slope Borough. 
3 Q I was wondering, sir, if 
4 you know why there had been no comprehensive land use 
=) plan drawn up? 
6 WITNESS PARKER: Mr. Commis- 
7 sioner? 
8 THE COMMISSIONER: Yes, Mr. 
9 Parker? ’ 
10 A Prudhoe Bay field is 
11 operated under a unit type concept which is monitored 
12 by the LTivision of Oil & Gas, and for the Prudhoe Bay 
3 field itself that is very carefully regulated. How- 
14 ever the other two fields referred to, Kemik and 
15 Kavik, are outside of the field of the unit plan. 
16 Therefore, since there's been no application for 
17 production from any wells from those areas, of course 
18 no plan has been drawn up. 
19 Q You said that you were 
20 getting ready to appear before the Federal Power 
21 Commission to discuss these questions. Do you know 
22 when those matters will be coming up before the Federal 
23 Power Commission? 
24 WITNESS WEEDON: 

. A Nov.-L do net. EE’ don’t 
a have the schedule of appearance. 
a WITNESS PARKER: The last word 
ai we had was to be eesaG for December 12th. 
= Q Sorry, to be ready when? 
- A The last word I had was 
30 


to be ready December 12th. 
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; ] THE COMMISSIONER: I see. 
‘ MR. MARSHALL: Q Sir, onto -- 
: you're making a note of that, are you, sir? 
; THE COMMISSIONER: No, f'*m 
F telling Mr. Gamble to make a note of it. 
: MR. MARSHALL: Q Turning on 
q to page 7468 of the transcript, you discuss the 
3 assumption of there being significant deposits of oil 








@ 


and gas discovered in the Marsh Creek anticline and 
Eastern Beaufort Sea, and you go on to discuss the 
gathering facilities that would have to be constructed. 
I was wondering whether or not there was any report 
thatVjou're relying on in support of the statement about 
the required facilities and their scale? You mentioned 
these developments would be on a scale comparable to 
Prudhoe Bay, depending on the ultimate size of the new 


fields: I was wondering what it is yau rely on in 





support of those statements? 

WITNESS WEEDON: The citation 
for theestimated speculative reserves of 2.7 billion 
barrels, etc% on 7468, comes from the State of Alaska 
Bonarenene of Natural Resources Open File Report No. 
50 from the Division of Geological and Geophysical 
Surveys. 

Q What about your comments 
as to the need to construct an extensive system of 
gathering lines, and you further comment about this 
scale being comparable ,to that of Prudhoe Bay? 

A What's your question? 


Where do I get that information, is that your question? 
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Q Yes sir. 


A It's from talking with 


the Commissioner of the Department of Natural Resources , 


Mr. Guy Martin, who in looking at the possibilities in 
that Marsh Creek anticline, and looking at the specula- 
ted reserves, is just making assumptions about what 
kind of facilities would be required to gather up the 


resources from that area and transport them southward. 
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o Further on in the page, sir, that is 7468, you 
make the statement: 
"Accordingly the proposed pipeline would 
adversely affect land use planning within 
the Arctic National Wildlife Range and as 
worst case conditions could result from 
severe losses of Porcupine Caribou herd, 
converting its traditional calving area to an 
interconnected maze of wells, feeder lines, 
processing plants, pump stations and housing 
facilities." 
Now, sir, it just wasn't clear to me what it is you 
were talking about. I take it you are not simply 
talking about the Arctic Gas proposal. You are 
talking about @nother-~- 

A That 1 sccomrect. tis 
going back to. the -pornt Gigs you asked about earlier, 
the so-called tricgering effect of the crossing of the 
Arctic Wildlife Range by the Arctic Gas proposed 
gas line. 

p THE COMMISSIONER: Once you 
open the door to the oil and gas industry, to enter the 


Arctic National Wildlife Range, if you allow them 


. to build a gas pipeline that will create, enhance - 


exploration and drilling activity, presumably, and 

you are saying that in the Marsh Fork area you will 

wind up with Saye Prudhoe Bay field or you could. 
A We don't know what is 


there, and in fact if nothing were found, then the 


development would be minimal, but if the estimates of 
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the State geologists are close and there is a major 
reserve there, then obviously there would be major 
activity on the surface to get it out. 

MR. MARSHALL: 

O Well, there are two 
points really, Dr. Weedon, the first is that no one 
really knows whether there are or whether there are 


not reserves, so we are all speculating in that 


e 





area. 

The second is as to what 
development would follow upon that. Now, you talk abou 
worst case conditions resulting in severe losses -- 

I should correct that, and as a worst case conditions 
could result ifm severe losses of the Porcupine 
Caribou herd, converting its traditional calving area 
to an interconnected maze and so on, I was wondering 


what you based that statement on, sir. To begin 


| 

| 

| 
with, what studies have you done which show what the 
effect might be on caribou of various industrial 
development activties, of the type that you have in 
mind in this- statement? 2s 
| A I have done none. 
Q Are you relying on 
anything in making this statement? 

A Yes, I am relying on 
both the behavioural studies and the projections or 
possibilities that are raised by the biologists who 
have looked at this rather closely. 
| 


(9) And who are those 


biologists and which are the studies, sir? 
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A Biologists for the 
State of Alaska who have studied this situation 
in the Prudhoe Bay areain the days of debate over 
the TransAlaska Oil Pipeline, and they would include 
Mr. James Hemming, now no longer with the State, 
but working for the Bureau of Land Management, I 
believe -- well, the Joint Fish and Wildlife Team 


on the TransAlaska Oil Pipeline surveillance team, 





and including Mr. Jack Lentfer, who is a biologist 
with the Federal Government in Alaska, including 

Dy.t KLein,e who is, K.L.F.1.N., Dr. David Klein, who 
is from the University of Alaska in the Co-operative 
Wildlife Research Unit. He is the leader of the 
Co-Operative Wildlife Research Unit. 

Q Sir, do you have any 
reports or studies that any of these gentlemen have 
prepared dealing with this subject? 

| A Dr. Klein has written 

several publications. I cannot cite them now. One 
of them appeared in the Polar Record. Another one of 
them appeared, I believe, in the journal, Biological 
Conservation. I can certainly find the citations 
far you from Dr. Klein and there are many reports 

. written for the -- by the Department of Fish and 
Game that report on the activities that they have 
conducted under both federal and state funding in 
years past in pie areas 

@) Sir, is it your evidence 
that the references ee just cited support the 


statement that I have quoted from page 7468 of your 
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Jim Hemming has spent, so far as I know, the only 
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evidence and asS a worst case conditions could result 





in severe losses of the Porcupine Caribou herd 
converting its traditional calving area to an 
interconnected maze of wells, feeder lines, etc? 

A Yes. 

THE COMMISSIONER: Yes, sir. 

WITNESS PARKER: 


A T£ I could further 





substantiate that. Dr. Klein has spent intensive 
time in Lapland and Northern Norway studying the 


effects of the road systems there upon reindeer. 


American with background in caribou to be able 
to study the effects of the Soviet pipelines upon 
reindeer migration, Jack Lentfer has spent a 
good part of his working life on the North Slope 
while primarily in polar bear, he certainly learned 


a great deal about caribou in the process also. 





The point I am trying to make is that we did not 
arrive at these conclusions easily. You know, we are 
not dealing with insubstantive myths. We are 

very worried about what the effect of further major 


developments on the North Slope will be upon the 


. Porcupine herd. It gets back to some of the 


discussions that went on in Whitehorse as to incremental 
effects of development upon wildlife populations. 
MR. MARSHALL: 
QO Dr. Weedon, I wonder if 


you could tell us which of these gentlemen that you | 


referred to specifically did disturbance studies in 
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caribou? | 
WITNESS WEEDON’ | 
A Dr. David Klein was 

the supervisor of a study done a couple of years 

aqo by Ken Childs at Prudhoe Bay dealing with the 

test section of oil line, that is a 48" mock up 

of andl line in which they did some studies of the 

behavioural responses of caribou to that sort of 


a barrier in the Prudhoe Bay area. 





QO Thateiswathe yonly wone, 
is it, sir, that you are aware of? 

A There are other -- 
that is the only experimental study in Alaska, other 
than the one in the Seward Peninsula in the Nome 
area in which they tried to carry the experiment 


in the Prudhoe Bay another step farther by using 





reindeer herds and herding them so as to approach a 
section of pipeline and tressel. 

@) Sir, in the consideration 
that has been given to the impact of developments on 
caribou, have you had reaqard to the work that has 


been done by consultants to Arctic Gas in this field? 





A I personally have 


- not. I am sure that all of those people that I cited 


have been very much aware of that work. 
WITNESS PARKER: 
A Mr. Commissioner -- 


THE. COMMISSIONER, Yes, Mr. 





Parker. 


A When the Arctic Gas group 
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was working out of Arctic Village, I had intensive 


contact with -- well, we just talked about it over 


the dinner table, why, I was able to get some of 


their observations firsthand as they first brought 
them in from the field. | 

THES) COMMISSIONER? Could 
I just ask you something. You have said that you 


are concerned about the impact that a major development 





within the Marsh Fork area would have on the 
Porcupine Caribou herd, that is, to use Dr. Weedon's 
expression, you are fearful there would he losses, perhap 
severe losses to the herd. On the other hand if you 
GoOrnoe allow Exploration and drilling in the Arctic 
National Wildlife Ranae, then you will not ever | 
recover the oil and gas, if it is as considerable | 
as Prudhoe Bay, lyina within the range. That is a 
tradeoff that *the state has decided upon, that is 
what has occurred, has it? 

WITNESS WEEFDON: 

A That obviously is 


putting’ it COO Simplisticiy. It says we'll forégo 





any amount of oil and gas in order to save or pro- 
Spectiyely save a portion of a caribou herd. All I 
am saying is that this is one of the factors that 
“we have thrown into the equation and I, you know, I 
Stand firmly by that hecause the caribou are valuable 
resources for the state, and in fact for Canada as 
well, and we feel that all possible steps should 


be taken to protect them. One of the possible 


steps is simply not to build a pipeline across their 





main range. 
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WITNESS PARKER: 

A Mr. Commissioner. 
What we are seeking is what necessary design standards 
we must impose, if necessary,to do both,and 
right now, at the present there are not enough 
gathering lines installed at the Prudhoe field to 
get a firm reading on what effect the gathering line 
system will have there. Rut everyone, I think, is 
convinced that the herd must he able to get down into 
the relatively fly free areas during the summer. 
They must be able to get the benefit of the coastal 
winds if they are going to survive in the long term. 
The Prudhoe area was one of the favourite summering 
areas and probably we are going to have a_ good 
test case there, but we simply don't have enough 
experience with the Prudhoe field as it eventually 
will be to make any kind of determination yet, as 
to whether it will really block the caribou from that 
area. Obviously they run all over the field right 
now, a point which is made constantlv, but there 
aren't that many gathering lines installed yet, so 


we don't know ultimately what the result will be. 
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Weedon & Parker 
Cross-Exam by Marshall 
me Q Next point, sir. 


THE COMMISSIONER: I saw three 





of them running around the field when I was there. 
MR. MARSHALL: Perhaps we'll | 
call you as a witness in the environmental phase. 
Q In any event, Dr. Weedon | 
I take it the statement that appears at the bottom of 


page 7468 is putting forward what you consider to be 





worst; case conditions, aS you say in line 27. 
WITNESS WEEDON: Yes. | 
Q And that would be the sitt 
uation if there were /“extensive development, indeed 
development on a scale equal to that of Prudhoe Bay? 
A wes. 
Q And as matters presently | 
stand, that's in the area of speculation? | 


A Thats) fights 





THE COMMISSIONER: At any rate, | 
your priority is the caribou herd, so far as the 
area within the Arctic National Wildlife Range is 
concerned, the herd comes ahead of oil and gas produc- 
ELON: 

A As long as we have 
alternatives, and I think we also say that at the top 
of our priorities is not only the caribou themselves 


but the wilderness area which they are a part of, and 


MR.SCOTT: Mr. Commissioner, 
perhaps it's wrong to interrupt except that I have the 


I think I've made that point. 
point in my mind now. How is it that -- how does Dr. | 
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Weedon & Parker 
Cross-Exam by Marshall 


Weedon's worst case prediction =—- and I understand it's | 
no more than a prediction -- 
THE COMMISSIONER: It's not 
even that. | 
MR SCOTT: -- on the North Slope 
Square with what Commissioner Parker has said about not | 


being able to draw any conclusions about Prudhoe Bay? 


How do they stand together those two statements? 


6 





WITNESS PARKER: I would like 
to answer that. It's a matter that we have leased that 
Prudhoe Bay,we have made commitments to the industry 
which must be fulfilled. It's a matter of how much 
you are committing at one time without being sure of 
your design standards. I would not care to see the 
entire North Slope developed under a design standard 
which would eventually be unsatisfactory for caribou 
migration. I'm willing to take a gamble on that portion 
which is encompassed by the present Prudhoe Bay fae eee a 


I'd like the opportunity to observe several caribou 


migrations in that particular area under the present 
design standards before we had to make a major commit- 
ment of that size elsewhere. I think that's what I 
was trying to get across. 

THE COMMISSIONER: If I may, 
I thought that you were saying that once you have a 
complete system of. gathering lines installed at Prudhoe | 
Bay you'd like to see then whether the caribou migra- 
tion 1S hindered substantially before you allow any 
further development to go ahead. 


A Yes, any further very 
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Weedon & Parker | 
Cross-Exam by Marshall 


large-scale development ,exactly. 

I want to make it clear we 
are referring at this time primarily to the gathering 
lines which are a separate case from the major trunk 
lines. 

MR. MARSHALL: Q The gathering 
lines, Commissioner Parker, wauld, I take it, be above 
ground, would they? 


A Insofar as present 


Standards, they are above ground, yes. 





Q Of course, with the Arctigd 
Gas proposal, we're dealing with a buried gas pipeline. 
A Yes. | 
Q Sir, on page 7469 you 
State near the top of the page -- this is Dr. Weedon's | 
evidence: . 
"In summary, the impact of the proposed prime 
route is considered to be severe and adverse 


Since it commits land uses in the absence of 


a comprehensive statewide or regional plan. " 

I was just wondering, sir, how long the state has been 
working on the development of the plan in the region 
that we're concerned with in the North Slope and Prudhoe 
Bay east? | 

WITNESS WEEDON: As far as I 
know, the state was not working on such a plan 
prior to the change of administration in December and 


I know that I personally have been working on such a 


plan since that time. 


Q I take it the state had 
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1 know of the proposal of Arctic Gas to cross the 

Z Wildlife Range for quite a number of years. That would 

3 take you back to the previous administration. | 
4 A Yes. 
5 Q Do I understand correctly 
6 


then that no planning work was done until the present | 


7 governor took office? | 
8 A I think the key word ther 
9 is "comprehensive", Mr. Marshall. You could certainly 
10 forgive any executive leader five and ten years ago for 
aL not fully realizing the implications of what seemed at 
12 that time to be very specific actions. I think we have 
pES) a fuller comprehension of the entire range of possibility 
14 now for oil and gas and other developments in the north 
LS which lead us to place a much higher emphasis on compre- 
16 hensive land use planning than ever before.So it's | 
iby NOE with an intent *to’ fault the “previous adtiinistration,| 
18 simply to say that the perceptions of need have | 
19 changed very arash cally in the last year. 
20 Q Well, sir, one of the 
21 reasons I raise it is that those who were in regular 
ze attendance at the Inquiry know that the time schedules 
72S) keep slipping, and as I understand it, the construction 
24 + activities that Arctic Gas would propose for Alaska 

25 | would be perhaps some five years off. I was wondering 
26 whether or not that didn't provide sufficient lead time 
oe to enable the state to get on with its planning and 

28 get it completed well in advance of any possible 

29 construction. 


30 A It would. The problem is 
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Weedon & Parker | 
Cross-Exam by Marshall 
| 


1 that there are several participants in this planning 
3 process because the Federal Government is a landowner | 
3 and resource owner, and would have to concur ina 

4 number of basic decisions before the state could go 
5 ahead with its own regional planning. Likewise, the 


North Slope Borough has a planning responsibility, and 
it too would have to concur, @ INontire ferning: for 


example to the very different planning scenario that 





you could construct if you made an assumption on the 
one hand that the Arctic Gas Pipeline going across the 
North Slope of the Wildlife Range were to be built 
without the addition of a permanent road surface, and 
that, despite the fact that the gas line were built in 


that area, that no other step were taken to open the 


area to further oil and gas development. If that were } 


the assumptions that everyone agreed to, including the 





federal landowners, then there wuld be time to plan on | 
that basis within this period you mention. 


But it's getting that kind of 





a commitment from governments of three different levels, 
with three different perceptions of what's good and 
proper and right. That is what takes the time. I can't 
Say whether or not we would -- whether the five years 
would be adequate in that case. 

Q But dealing with the 
application that has been filed by Alaskan Arctic Gas inthe 
United States, I'm taking that as a base upon which to | 
work, there would be sufficient time for the state 


to complete its planning? 


A Yes. 
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Cross-Exam by Marshall 


Q Sit, On page 7469 of your 
evidence -- 


THE COMMISSIONER: Excuse me, 





it isn't just because you haven't got your land use : 
planning ready. Correct me if I'm wrong, but you said 


that the impact of the proposed prime route -- that 





is the Arctic Gas Route along the North Slope to the 
Canadian border -- is considered to be severe. Does that 
statement stand on its own? | 

A Yes, severe in terms of 
the choices you have available for land uses. 

Q Well; yOu, go On toesay: | 
"The proposed pipeline invades the only remaining 
large area on the Alaskan Arctic coast where 
human activities are not already pronounced, or | 


where land use commitments have not already been 





made which will increase activity." 


| 
That's -- is that the reason why you describe it as | 
severe? | 
A eis. | 
2 WITNESS PARKER: Mr. Commis- 
sioner? 


THE COMMISSIONER: Yes, Mr. 





Parker? 

A Yes, I think the 
statement has to be weighed against our previous 
testimony that inate is an existing transportation 
corridor where the land commitment has been made, and 


of course that is one of the primary factors in the 


State taking the position it has taken. 
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Weedon & Parker 
Cross-Exam by Marshall 
: | THE COMMISSIONER: The energy 

corridor from Prudhoe Bay to Valdez? 

A Yess 

MR. MARSHALL: Q Dr. Weedon, 
just turning with the statement on page 7469, turning | 
to that statement that the Commissioner read, I am 
instructed that west of Prudhoe Bay there is a large 
area of the Alaskan Arctic coast where human activities 


are not already pronnunced and the land use commitments 


have not already been made. Is that generally true? 





WILTNESS WEEDON: What area? 





Q The area west of Prudhoe 
Bay along the coast. 

A There is a commitment 
in the form of a petroleum reserve No. 4 of some 23 
million acres. 

Q Is there any development | 
in that reserve at all, sir? 


A There has been Sy Poke 





for oil and gas since about 1935. 
Z Q There is no development 
there, there is no production there at the moment? 

A That's right. One gas 
well that supplies gas to Barrow, if I'm not mistaken, 
Commissioner Parker. 

WITNESS PARKER: Yes. 

THE COMMISSIONER: Well 
there may not be any development in petroleum reserve 
No. 4, but hasn't the President said, that he wants to 


open it up to production. 


A Yes, there is a commitment} 
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BURNABY 2, B.C. 
Weedon & Parker 
Cross-Exam by Marshall 
on the part of the United States Navy, which has the 
authority over the sub-surface resources, a commitment 
to a fairly massive 10-year program of oil and gas 


exploration. 
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THE COMMISSIONER: Commissioner, 


Parker. 

WITNESS PARKER: 

A Yes, Commissioner, there 
have been funds appropriated, I believe in the sum 
of 20 million for initial exploration and E€ongress 
is considering amounts in the neighbourhood of 
$200 million to begin that ten year exploration 
program, and it is extremely active and the Navy 
has BesGh to mobilize for an exploration program in the 
near future in Petroleum Reserve Four. 

MR. MARSHALL: 

Q Dr. Weedon, turning on 
to page 7470 of your evidence you are talking about 
the coastal or prime route and you comment at line 
Zils Or 2.25 

"Tt intersects all of the river and streams 

between Prudhoe Bay and the Canadian border." 
I was just wondering, sir, whether or not you were 
aware that the construction plan would see these 
crossings being done during the winter when most 
of these streams would be frozen to the bottom? 

WITNESS WEEDON: 

A Yes, I was aware of 
het. 

Q And were you aware as 
at ih sir, that the fish overwinterino areas have been 
identified? 

A I was aware that a lot 


of work had been done. I don't know whether all of the 
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Cross-Exam by Marshall 











Z areas have been identified, but I presume that most 

2 of them have, because they are so limited at least 

3 in the fresh water areas. 

a @) Yes, I understand that 

5 they are very limited and it is relatively easy there- 
6 | fore to route the lines so as to avoid those areas. 

7 That beingethevecase, sacs 

8 I was wondering what you thought the impact would be 

9 of crossing these streams? 

10 A This would be an area 

ll of testimony that I am really not competent to answer 
12 but it would hinge on two basic questions. One is 
13 would it in fact be possible for the applicant to 

14 construct, as. proposed, that is, not constructing at 

15 all while there is water in the stream and constructing 
16 Mn the course Of just,one winter. 

17 Secondly, it hinges also 
18 on the question of the longer term effects, if any 

19 of the crossing itself on the stream. Would the 
20 pipeline or any pad become a barrier to the natural 
ea flow of water. These are the sorts of questions that 
22 the hydrologists and physical scientists, not I, should 
23 address. I am sure that they have addressed them 

24]|\- and will address them. 

25 QO Well, I think you todd 


26 Usethat vou feel that this is not an’ area that you 


27 are compentent to get into. 
28 A Yes,..that is right. 
29 @) So I will leave it at 


30 that. 
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BURNABY 2, B.C. Parker, Weedon 


Cross-exam by Marshall 


: Sir, on page 7471 you have a 
comment at lines 7 to 9, that the pipeline would 
pass from zones of solid permafrost to permafrost 
free areas innumerable times. I was wondering, sir, 
whether or not you were concerned about an impact 
there and if so, what impact? 

A T would have to answer in 
the same way that I did before wenn. 4 mt 1S not 
an area eae I have any personal competence in 
Nevertheless, and I will defer to Commissioner Parker, 
but it is obvious that when, as has been abundantly 
Clear, throughout the testimony so far, I think, that 
when the temperature relationships of the pipeline 
itself with the surrounding soil are critical, when 
you change that relationship on a mile by mile or 
even yard by yard basis in the construction of the 
pipeline, then there is a clear effect on the way 

an engineer approaches the problem of putting 
the line there safely. 

O What I am really trying 
to ascertain° through many of these questions, Dr. 
Weedon, is whether or not it is something that you 
know about or whether you are serving a spokesman's 

” Yolen | 

A Serving a spokesman's | 

role. | 
0 i see, now, specificaliv 
--well, perhaps we will: move onto the next point, it is 


along the same line. 





WITNESS PARKER: Mr. Commissioner. 
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BURNABY 2, B.C. Parker, Weedon 


Cross-exam by Marshall 


i. THE COMMISSIONER: Yes, Mr. 
Parker. 

A On that particular 
point we do have it underftudy by the sqilengineers and 
the geologists in both the state pipeline office 
and my office and we will have a qood deal of 
further dialogue, I am sure,with any proponent of 
a buried gas line in this particular area long 
before any permit is issued across state lines. 

MR. MARSHALL: 

O I was wonderina, Com- 
missioner Parker, whether the work of the engineers 
that you spoke of has proceeded to the point where 
they have produced any reports or studies? 

A No, but they will be 
forthcoming shortly. 

THis COMMISSTONER:s Frost 
heave is an abiding interest of ours::at this Inquiry 
and we will look forward to seeing what they come 
up with. That is the problem that we have been tole 
exists here -at this passage. 

A Yes, Commissioner, it 
was identified by Interior as a problem and I am 
sure that, you know, they have some of the finest 
people in the world to work on this and the same | 
people who worked on the Alyeska hot oil pipeline 
problems will be addressing themselves to this 
problem also. 

MR. MARSHALL: 


O Dr. Weedon, following 
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BURNABY 2, B.C. Parker , Weedon 


Cross-exam by Marshall 


up your last comment, near the bottom of page 7471 
you deal with modifications of the heat halance and 
the effect on causing degradation t© the permafrost 
layer. Do I take it that that is another subject 
that is out of your particular discipline? 


WITNESS WEEDON: 


A Yes, that entire (first 
several lines beginning on line 19, " All disturbances 
wees ©6eteCInprusinatene feranceon pages p20 rtar226 of 


the Environmental Impact Statement, Part 2, Volume I, 


pages 217 to 226. 

Q WUSt -On that poant,. 1 
think you mentioned, perhaps it was in Whitehorse or 
perhaps just inside when you were talkino to me or 
Mr. Anthony, myself or the Commissioner, after the 
last hearing; ‘do you have references for your 
evidence to specific papers and studies and so on 


and different pages in the E.I.S.? 


A I have a number of them 


written in marginal notes here and I would be glad 


to go over them with you either right now totally 


through the whole testimony or as we come across them. 


O We might get together 
With Mr anthony at the break) onlcehisiipointy: sid. a 


might expedite things a little bit. 





MR. ANTHONY: Mr. Commissioner, | 


I should make that clear.What I asked Mr. Weedon and 


Mr. Parker to do was to footnote their evidence in 


the event that they wanted more particular information 


that tiswtihe form that *thHereviderice is available, 
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Parker, Weedon 
Cross-exam by Marshall 


I would think that the references could come out as 
questioning goes on or merely that those footnotes 
could be provided following the hearing. 
MR. MARSHALL: Well, that 
is fine, with me, sir, we can proceed in this 
same manner. is 
Q Sir, over on to page 
7472 you comment at lines one to three: 
"Disturbances from the Brooks Range north 
will be slow to revegetate naturally because 
of the short growing season." 

Have you found that reference? 

A Yes. 

QO IT was wondering, sir, 
what it was that you based this statement on. 

A Knowledge of botanists 
about the growth rates of vegetation there and in 
the tundra regions in the north and experimental 
evidence, I guess not experiments by design, but 
the evidence of many years of crossing of tundra 
by track velricles which left a large number of 
bare areas, some of which are still bare after 40 


years. 


QO Now, sir, you mentioned 


discussions with botantists. I was wondering if you 
had reports or studies on this subject. 

A Oh, I would be very 
surprised, although I don't have this particular 
point referenced, I would he very surprised if the 


draft environmental statement didn't go into that in 
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ALLWEST REPORTING L-TD. 11085 
BRIBE ek mre Parker, Weedon 
Cross-Exam by Marshall 
some detail and I know that Dr. Lesly Viereck of the 
Forest Sciences Laboratory in Fairbanks undertook 
to compile a lot of these references for the 
Department of Interior. He was a member of this 
gas pipeline study group that I referred to earlier. 
WITNESS APRKER: Commissioner. 
A The State pipeline office 
when I was working there, of course had a heavy 
involvement in rehabilitation. When we inherited 
the project as it stood at the first of the year, 
1974, why we had to go with the work that had been 
done previously. We relied veryheavily on observations 
of the Gas Arctic Test Plot at Prudhoe Bay for north 
of the Brooks Range observations, and unfortunately 
there were no test plots in dry tundra or alpine 
tundra. 
To remedy this we are 
in co-operation with the tundra Biome program of 
the International Biological Program undertaking 
some studies of the upland tundras. Lin i Sigeaind 
to be some time, I am sure, before we have any 
results because of the well known slow arowth rates 
in these particular areas. Levis. our See 
at this time based on present results that it will 
take a long time to revegetate in these areas with 
natural ground cover, so we are probably going to 
go ahead and Soe aera with exotics in the hope of 
establishing initial erosion control and hope that 
we.can ,set up.a facus where the natural oround 
cover will take over from the exotics through the 


years. We don't know whether they will owe and 
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Weedon & Parker 
Cross-Exam by Marshall 


two, we don't know how long it will take yet. 








i Q I was wondering, Commis- 

2 sioner Parker, whether in considering this matter you | 
: had regard to the revegetation work that's been done | 
4 by Northern Engineering Services for Arctic Gas, also 

5 work that was done by Dr. Mitchell 2t the University of | 

| 

6 Alaska for Arctic Gas? | 
a WITNESS PARKER: Mr. Commis- 

8 sioner, yes, Dr. Mitchell's work is the basis for a 

? good deal of the on-going work that's going on because | 
10 his work started in 1968, I think. He went to work on | 
Lag contract to Alyeska in addition to his usual duties at | 
12 the university, and has carried forward with it from 
13 that date. 
14 I have not had an opportunity | 
15 to observe the Inuvik plot through the years as closely | 
16 asi the PPrudhoesaplot Alla 've donewis sgo look at it, | 
17 but I haven't been able to make any judgmmj@tal decisions 
18 based on it. | 
19 Q I was wondering, 
20 Commissioner Parker, whether you were aware that Arctic | 
ei Gas and its.consultants have had a program involving | 
22 the reseeding 9f the abandoned rig sites through the 

23 Mackenzie Delta? | 
24]. A Mr. Commissioner, yes, 

25 I was aware of the program, but we've never had the 

26 opportunity to get any particular benefit from that 

27 program yet. We have our own research and I'm glad | 
28 for Mr. Marshall reminding me, and we'll take some 

29 steps to do so. 





30 THE COMMISSIONER: What dil ° 
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Weedon & Parker 
Cross-Exam by Marshall 


say, Abandoned what? 
| A Sites, rig sites. 

THE COMMISSIONER: Oh, abandonad, 

rig sites, yes. 
MR. MARSHALL: And I believe 


there is also work done at an abandoned Hercules air 





strips We'll, I think, be hearing something of this 
in the later phases. 
, Q Sir, also on page 7472 
there is a reference to thermal erosion along the 
Arctic coast, and I was just wondering whether or not 
in your view this would have any relevance to the 
proposed Arctic Gas Pipeline? Orsi Sethi senus £ ieee 


| 
2 j 
as background? WITNESS WEEDEN: 





A Unless the pipeline were | 
to be built very close to the shore, no. 

It has 

ir not proposed formally, | 

been suggested, at least, that the pipeline be built 
very close to the actual shore line. 

MR. MARSHALL: The application | 
as filed, Will see the pipeline built some distance 
from the shore line, ae that not so? 

A Yes 

Q Sir, on page 7473: you 
speak of the anticipated reduction in the depth of the 
active layer. You say: 

"The anticipated change in the depth of the 


active layer over the pipeline will be as 





much as 1 1/2 feet, with the gas temperature 


of about 12 degrees Fahrenheit." 
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BURNABY 2, B.C. Weedon & Parker 


Cross-Exam by Marshall 


A Thissisraccitation] from 4 | 
the Environmental Impact Statement, page 666, part 2, 


Volume 1. 


@) Do you know what it was | 

based upon, sir? Do you know whether it's accurate? | 
A Not idernot. | 
Q iitakeritrthat wieewould 


follow then that you wouldn't know whether it took into | 
consideration any counter-acting effect of increased | 
heat radiation from the surface, which results from 
disturbance to the active layer during backfilling? 

A NO, would not. 

Q There is also a reference | 
te a frost bulb. 2 take 1t we're talkang about ‘the | 
area along the coastal plain. 


A Previously, specifically 





page 7472, I've heen talking about Brooks Range and 
Tanana-Yukon Uplands and so on. 

Q I was looking at page 

7473. 
= A Yes, I see the reerence 
on line ll. 

O Yes Prthat's might: 1 What 
route are you talking about there? Is that on the 
coastal route or the interior route? 

A Well, it seems to me | 
that the comment that the ultimate operating temperaturd 


of the proposed pipeline has not been specified. 





That is a general comment, as far as I know that 


applies to all of the routes. | 
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ALLWEST REPORTING L.TD. 
BURNABY 2, B.C. 


Weedon & Parker 
Cross-Exam by Marshall 
‘ Q My instructions, sir, are 
that those temperatures have been specified in 
Exhibits G-l1 and G-2 of the Federal Power Commission 
filing. 

A I'm not familiar with 
them. Who were they? Who tabled the exhibits? | 

QO Alaskan Arctic Gas, it's 
part of their application. 

A Were they not available 
when the en_vironmental impact statement was written? 

Q Well, sir, is this your 
statement or is this from the draft -- 

A From*the draft Esi.s. 

7 Q It is, so it's something 
that you don't know about. 

A That's *eighe* 

QO And I take it the comment 
about the size of the frost bulb came fromthe draft 
environment impact statement as well. 

A Yé6s4 

*. Q And also the comment 


about the depth of the active layer? 


A On lines 12 and 13? 
Q Yes sir. 

A Yes. 

Q Do you know the basis 


upon which these various statements have been made, 
what reports have been ,prepared, what studies have 
been done, sir? 


A Unless they are cited 
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ALLWEST REPORTING LTD. LOBO) 4 
BURNABY 2, B.C. 
Weedon & Parker 


Cross-Exam by Marshall 


| 
| 
| 


there, in the text of the Environmental Impact Statement 
| 


Q The next question I have | 


no. 


relates to evidence given at page 7474, you're speaking | 
about polar bears and you say in lines 1 to 3: | 
"In addition, several areas, generally at or | 


within 25 miles of the coast have been found 





recently to be preferred sites for polar bear 


dens." 


Have you found the reference, sir? 


A Yes. 





Q I believe there was some 
discusson on this point in Whitehorse, and I was 
wondering whether or not that still remains your 
Opinion, Sir. 

A As of the last word that | 
I have, yes, and my most recent source of that is from 
Jack Lentfer and I spoke with him approximately 
three months ago while we were preparing the draft of 
the Beaufort Sea, The Environmental Assessment For 
The Beaufort Sea Near-shore Petroleum Leasing Report 


which I have tabled and Dae Ss now Exhibit No. 183% 





It's a little more than three months ago, it's about | 


five months ago now. 


THE COMMISSIONER: Well, at 
any Tate; Dr. Banfield, a witness for Arctic Gas, 
Said at Whitehorse that it was natural for polar 
bears to establish their dens off-shore, so that 
if development activity, to use your words, drove 


polar bears to off-shore dens, there's nothing wrong 
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BURNABY 2, B.C. 
Weedon & Parker 


Cross-Exam by Marshall 
with that because ,that's where they would den in the 
ordinary course of events anyway. 

That was a criticism that 
was made. 

A T cae. b10 he explain 


why they came offshore in the first place? 
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ALLWEST REPORTING L.-TD. 


BURNABY: 2). iBi.G. 
Parker, Weedon 


Cross-Exam by Marshall 


a 

2 MR. MARSHALL: 
3 Q We didn't have time 
4 that week, sir. 
s) THE COMMISSIONER: I didn't 
6 think so. Yes, Mr. Parker. 


WITNESS PARKER: 

A Mr. Commssioner, I 
really Suggest however, that Jack Lentfer's recent work 
in this area be examined and he did present a paper 
at the 1973 International Wildlife biologist 
convention in Stockholm at which addressed several 
of these points, I am not sure if he has published 
anything more recently or not, but the whole 
concept of polar bear migrations in the Western Arctic 
has been his domain for some time and he -- it is 
his best judgment, as Dr. Weedon just said,that our . 
relationships between onshore and offshore activities 
of the polar bear have not really been well under- 
stood until they started getting some of their 
recent migration studies in. 

Q Well, sir, we maybe 
have a little more recent information in fact, it 
hasn't yet been published,it is in print. My in- 
formation is that studies were conducted by Arctic 
Gas or its consultants in co-operation with the 
United States Fish and Wildlife Service in 1974 and 
1975. These involved Mr. Jack Lentfer, who 
participated in these studies as well as the 


Firm of Renewable lresources who are the mammals 
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ALLWEST REPORTING L.TD. BUOIS 


BURNABY 2, B.C. Parker, Weedon 


Cross-Exam by Marshall 


I am 
consultants to Arctic Gas, instructed that they 


found three dens in 1974, and no dens in 1975 
inland and it 1S concluded in this report thatlthe 
area traversed by the pipeline across the North 
SLope is not an important denning area for polar 
bear. That report, sir, I am instructed, will be 
in a Bidogical Report series and you no doubt 


willbe FEeCelVving a COpy CLF Lt. 


e 


MR. ANTHONY: Mr. Commissioner,| 


I was going to say that that evidence or that 
report is also going to be led-- I think there 
will be some evidence led on this in the environmental 
phase. It may be conflicting and I think perhaps 
the best we can do now is say that the conflicting 
evidence is in now and it will be discussed in more 
detail at that’ phase. 

THE COMMISSIONER: You wanted 
to add something, Mr. Parker. 

WITNESS PARKER: 

A. Normally I would say 
that threeyears is a little flimsy basis on which 
LO construct polar bear migration theory, so I will 
be interested in seeing that report too. 

MR. SCOTT: Did I understand 
Mr. Marshall to say that he was going to call 
Mr. *lenitrer-s Has he participated “in the study? 

MR. MARSHALL: No, you 
didn't understand me to say that, sir, I said 
that he participated in a study that was a joint 


study sponsored by Arctic Gas arc tie United States 
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BURNABY 2, B.C. 


Parker, Weedon 
Cross-Exam by Marshall 





Fish and Wildlife Service and that the report is 
being produced as a result of the work that was 
carried out and it will be published in the Siological 
Report Series and it is in press -- 

MR. SCOTT: As he perhaps 
is the expert on whom both the panel and Arctic 
Gas appear to rely, it may be that Arctic Gas will 
want to call him so that his evidence can he given 
fresh, and the issue resolved. 

MR. MARSHALL : I will get 
some instructions on that, Mr. Commissioner; 

THE COMMISSIONER: Yes, Mr. 
Parker. 

ee et accdelo: ‘chat 
that in regard to three dens in 1974, no dens in 
1975, one of our early jokes on the pipeline when 
we were surveying the first pipeline construction 
was that if Alyeska did anything, why, we would 
look into the river and say, "Um, we don't see 
any fish, they must have killed them all." 

i MR. SCOTT: How do you deal 

with that, Mr. Marshall? 


MR. MARSHALL: I go on to 


"my next point. 


fe) Just before leaving 
EnVSe DOU ty aS ur, I wonder if there are specific 
references that you rely upon in support of this 
statement that might be made available to me. My 
advisors are interested in this point obviously and 


we would like to follow up on it, and specifically 
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BURNABY 2, B.C. Parker, Weedon 


Cross-exam by Marshall 


I am dealing with the first three lines on page 
7474, 
Moving on down that page a 
statement is made starting at line 12: 
"The environmental concerns for the prime 
route will vary considerably depending 
On whether or not the route can be 
constructed in a single winter season as 
Seer oo esl intends." 
I was wondering avane could be so, Dr. Weedon, as 
my understanding was that pipeline construction starts 
in a particular point and moves on. They don't 
revisit areas that have already been constructed, it is 
a Matter “Of starting at one end and moving along 
until you complete it, so impacts would be in one 
area at one time and then the spread would pass on 
MR. ANTHONY: 
Deamesonry, 1 dont 
know if I understand the question. I don't know 
if Dr. Weedon does. Would my friend please explain the 
thrust of his question so that I can understand 
also? 5 
MR. MARSHALL: The statement 
is made at page 7474 that, the environmental concerns 
for the prime route vary considerably depending on 
whether the route is constructed in one year or 
two years, and I was wondering why this is felt to be 
the case,as I had always understood that the pipeline 
construction started at, the one end and moved on down 
the line and the spread didn't come back, say in the 


second year to where it had been in the previous 
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BURNABY 2, B.C. Parker, Weedon_ 
Gross, exam sby Marshall 


year. 
WITNESS WEEDON: 
A Ithink I understand the 
question and I would answer it in part this way. 
If you start at one end and build as you go, you 
have to continue traversing that area which you 
have already built in order to bring supplies in 
LO thevhead of the track as it were, so that the 
disturbance, if there is any from the use of the 
road and the activity would continue over more 


than one season over the extent of the line. Ts 





not just at the point where the next joint of pipe 
is to be laid thatthe activity is concentrated 
Secondly I would also say that in terms of the 
thermal questions that have been raised to 
me in converstation with people, if the pipe is to 
be left in the ground, empty, over several years, in- 
stead of only over a few months, then, or one 
year or something, then the longer it lies there 
active and the longer, the greater the possibility 
is fora thawing Of the» —rozen soil ian’ which the 
pipeline lays. 

Q You may have some 


sort of appreciation then for why Arctic Gas chose to 





go to a one year construction schedule? 
A Ves, do. 
0 But in answer,to the | 
main point, I take it that you assume that, say, 


if they started -- 


THE COMMISSIONER: Well, A 


| 


minute ago I thought it didn't make any difference, Mr. Marshall. | 
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1 ie MR. MARSHALL: Mr. Commissioner? | 
$ A minute ago I thought you said it didn't 
2 make any difference, and now you credit Mr. Weedon | 
2 with some appreciation of your concern. 
. Yes, Mr. Parker? | 
: WITNESS PARKER: I'm not | 
: sure this paint has been adequately explored because 
; | 
: in order for the gas to be refrigerated, the entire | 
: gas a ries must be constructed, and while the schedule | 
- is one year in Alaska, and this is the termination, | 
iy I think,what Dr. Weedon is saying et alatshemmlic Su \itene oye 
“ some guarantee that the pipe will be refrigerated 
ae before'it ‘goes through its first thaw cycle. I don't 
at really think that this is bua le "into your ‘const ruction 
is schedules, Mr. Marshall. We went over this point very 
= clearly with Alyeska, in relationship to their 
on welding procedures, because they were trying to convinca 
ue us that welding at 20 below was all right because the 
a pipe would be heated, until we pointed out to them 
= that they'd be moving a good many welds around probably 
= at temperatures of 60 and 70 below. Tf you are 
ig basing your whole theory of burial on the point thac 
ee it is going to be refrigerated almost immediately, well 
s you're going to have to have some extremely SCR ero eae 
e construction schedules because you are going to have | 
to have -- be out and off the tundra by the middle of | 
we May, and probably should have gas in your pipe somewhere 
- around the middle of August in order to have it | 
sit refrigerated and to eliminate subsidance and general 
eee thermokarstine along the line. 
| 
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BURNABY 2, B.C. 


Weedon & Parker 
Cross-Exam by Marshall 


At least that's epi it seems to me at the moment, 
based on what you've just said. 

MR. MARSHALL: There are severa 
points, sir -—= 

THE COMMISSIONER: Excuse me. 
Maybe we should stop a few minutes for coffee, and 
I take it, Mr. Scott, that certainly to accommodate 
Commissioner Parker and Dr. Weedon, we ought to sit 
this ee so that their evidence might be concluded 
this coe If they wish to they could then leave 
tomorrow. Would that be -- 

MR. SCOTT: That can be done, 
Mr. Commissioner. 

THE COMMISSIONER: I'm glad 
to hear that. We'll adjourn for coffee. 


(PROCEEDINGS ADJOURNED FOR FEW MINUTES) 
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BURNABY 2, B.C. Parker r Weedon 


Cross-Exam by Marshall 


1 (PROCEEDINGS RESUMED PURSUANT TO ADJOURNMENT ) 


Le) 


THE COMMISSIONER: Well, 


3 Maybe we could come to order again. 

4 MR. MARSHALL: Before 

3 moving on to the next point, this matter.that I was 

6 coing over with the witness is about the one or 

i two year seasons, I think wehave been quite aware 

8 of the geotechnical problem, but we weren't aware of 
9 any environmental concerns one way or the other and 

10 that is what I was interested in exploring with the 
ll witnesses. 

12 Q Dr. Weedon, I would like 
13 to turn to the question of water availability on 

14 page 7475 of your transcript is where it is dealt 

15 with. You mention that Alaskan Arctic Gas Pipeline 

16 Company has not conducted specific studies that I am 
a7 aware of and where this amount of water would be 

18 obtained. I am informed that the studies have been 

19 carried out, sir, and Dr. McHart has been involved 
20 in them and the reports are currently in press 
21 and that there are additional studies being undertaken 
22 in the very near future involving Dr. 4 Maa Es and also 
23 the tusSieGyS. Pp so "that work ina form has been 

ae i underway. The study of Dr.McFart to be made ea ienee! 
25 to the state if they wish it. 

26 : 

27 Your next point pertaining 

28 to water availibility, sir, seemed to be as to when 

29 it was available and you comment on line eight that 
30 


no water is available after December, 





























cryamaritda © “MADE 
iiss memet earn: a aah se 
idleps “sebI0 = anos B ty >: 
eT ee ee . a 


sand? teataw erat ;tatog Jeon. eased a 
soods at re a: 


peaites Ankitd 1 \@nonsed 


acv ? 
1D .eRO Og 
arpies St ivp 6266 
aes 2inetew av dd yeatdes¢: raok a 
hed 


hh; ca. to. 2 2 YE a0 enzeonos Caner 


he detidiexe mal pesasisini. enw’ ee pp 


‘wow Tt .AOhes i eee 
(ids lisve vase to adios 
4) wath €2 seipeasz ere 3 164 
-s0 ofvouk @etesTé dade cael alias 
satis »LRkases basouhnes Jamvesd 
vy Yo Saves wiaz avertwi Bae hae 


L [ 


* 7 
isns 


at Bicow =B7 4 
4 eather. off cede beunetnt ma I 


"Sed SVL 


wocovdd nepe eat ssetem. «70 fae Qaie) 4280 ee 
siowe Gb YLenetats ets erveqe? add bre mont rms 
deesebau witkhed eolhiuse teroi#ibee orm S bas 


oie Gas seo, »20 onivicrat® 
ned opt mor 5 nt eM jan? 


ALLWEST REPORTING L-TD. TAS O® 


BURNABY 2, B.C. 


Parker, Weedon 
Cross-Exam by Marshall 


except at springs or at the larger lakes which 
do not freeze completely to the Beton! 

I was wondering, Dr. Weedon, 
whether or not you are aware that under the plan 
of Arctic Gas for construction of the section of line 
in Alaska, the vast bulk of the water would be required 
in October and November for snow road construction. 
Are you aware of that, sir? 

A Yes, I am also aware 
that the snow is likely to be pretty skimpy about 
that time. 

0 Well, that is ene of 
the reasons for using water in order to make snow 
and ice roads, but the point was were you aware 
that winvterms of the overall water requirement, a very 
large part of it is for early on in the season and 
the requirement would specifically be for the 
construction of snow or ice roads? 

A Yes, nevertheless, the 
problems still exist because as far as I know you 
have not quantified requirements in relation to the 
supply and in particular in relation to the supply 


necessary to maintain the fish populations that are 


‘in some of these permanent water areas. 


Q Well, that is what is 
in these reports, sir, but you may be interested in 
following up on’. 

| . WITNESS PARKER: 
A Mr. Commissioner, does 


Mr. Marshall have any idea when those reports will he 
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BURNABY 2, B.C. Parker, Weedon 
Cross-Exam by Marshall 


1 
available? 
2 
I understand probably by 
3 
December. December 12th is that? 
4 
MR MARSHALL: I will ask 
5 to ; | 
Dr. Gosen/seé that a copy 1S sent ™ to the commissioner. | 
6 | 
THE COMMISSIONER: You will 
7 
make sure that a copy iS sent to Commissioner Parker? 
8 
A Yes. My point, being 
9 * 
sir, that if you are taking the water early, the larae 
10 
bulk of the water at least, very early in the season, 
pig 
you would be able to get it before the rivers and 
L2 
lakes in the North Slope area had frozen to the 
13 
bottom, you would agree with that? 
14 | WITNESS WEEDON; 
A Yes, LI understand. 
ES 
fe) Sir, you say near 
16 
the bottom of the page, starting at line 25: 
es 
"If any of the 187 million gallons of water 
18 
required by the applicant was to be withdrawn 
pS) 
from sites occupied by overwintering fish, 
20 


such a withdrawal would probably result 
2 i . 
in. the death of those fish and very 


ze 
possibly the loss of the populations using 
23 
thatvsite,” 
24 
Have you found the reference, sir? 
29 
A Yes. 
26 
(@) I suggest to you, Sir, 
27 
that really the consequences to the fish population 
28 ; 
would be a function of ‘a number of factors includina 
29 
whether or not there were fish there and how many 
30 


and where the water was takeor how much water was 
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BURNABY 2, B.C. Parker, Weedon 
Cross exam by Marshall 


taken and the care with which it was taken. Do you 
not agree that all of those factors would go to | 
determining whether or not there would be any impact 
on fish? 

A Pag rees 


6) Over the page at 7476 you 





say that, the effects of dewatering areas would be 


aggravated by siltation and erosion caused by constructibn 





Lh 


aeeGwh ies; that's lines one to three. You touched 

on this earlier, sir. My information is that | 
of some 120 streams that would be c_rossed, only two | 
may not freeze to the bottom at the point Le 

is proposed to cross them and eat -the’ time- that, Lt. “2s 
proposed the crossing will be carried out. Are 

you aware of that, sir, or do you agree with it? 


A Those are your studies. 





I am not aware of them nor can I necessarily agree | 
with them. I would ask you a auestion in return, | 
however. You were very careful to say at the point | 
where we cross them. Siltation effects can occur | 
downstream some considerable distance. Are there | 
more streams that would be affected under those | 
conditions? 

Q I guess the point that 
I am specifically interested in -- 

THE COMMISSIONER: Excuse me, 
just so I understand Dr. Weedon's point. Do you 
mean that the effect of, siltation might well be that 
they wouldn't be frozen to the bottom at those points 


where Arctic Gas intends to cross hy the time the wintey 





arrives when they go ahead and build their crossing? | 
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Cross-Exam by Marshall 


Was that the point? 

WITNESS WEEDON: As I under- 
stood Mr. Marshall's statement, there are, according 
to his figures, 120 streams that would be crossed, 
of which two would not be frozen to the bottom at the 
time and at the place when they would be crossed by 
the pipeline. I am simply asking the question, are 
there other streams whitch cross let's say at any time 
which would -- the crossing of which would cause siltation 
downstream from the point of crossing, which could then 
affect the populations over-wintering in that area, or 
the spawning populations? 

MR. MARSHALL: Well sir, I can 
tryctte putithe thingdeinto perspective. I'm not.sure 
who is the witness here at the moment. 

A I'm trying to understand 
your question. 

Q I'll ask Dr. Weedon whe- 
ther or not he thinks that there is any problem caused 
by siltation of the stream, if the stream is crossed 
at a time when it was frozen to the bottom? 

A It would depend on what 
happens after breakup next spring. 

Q Well, sir, if there were 
amy siltation at all during the spring breakup, would 
it not, in your experience, be insignificant relative 
to the siltation naturally occurring at breakup time? 

| A I'm not sure because 
that would depend on the type of the stream that was 


being crossed. If it were a stream naturally carrying 








1! geen quisesd 1937e ia Saal 


ae 
iz .toemesede e&' [istexeh 
bivew 2609 
62017? ac 
nedw esaiq oA2 
igo -vlonia m6 
mse ilze 
: m2? m6 
Ol goGg 
2 5 ty 
t bein 
ait fw 
é 
oe ae 
1. e4y 
fA ( 
phitacS Iie BSc 
‘ ra 16021 io} emaae! tagKe wey, 
; T eal 2 iat , oS onizwweas Vilaezwdec noite 
= z: = a. Teal . 


teIgea ona 


1 = i - 


ie meee 


i ,sniisgiq ort 











anseorties Ost esprit eft aol 
ton Bivow we ‘ro tdw to 
ts Bus smis 


t4Hnj0 sr6ecdy. 


i+ == Biyow dotdw 


qoq. palnw 


2 mportemwoh 


“3 guetta 


eqe srt 


odd. 6. 


mobtgodp “aay 


inidd ef 26m 20 t9d2¢- 
{3-34 noises ite va. 


z 
1t aedw emi¢ 2 35 


2 


_ \ 


a 
ee 


saa 


¥ fo 


ia. tt 0: 
a a 


7 1 aah © 
saM boots 7 


ow 
























ALLWEST REPORTING L-TD. 
BURNABY 2, B.C. 


Weedon & Parker 
Oross-Exam by Marshall 


a heavy silt load.at breakup, or heavy particulate 


load, then probably no change. 


| 


Q I take it that you haven't 


done any work in this area and there is nothing that 
you can specifically refer me to? 

A These comments on the 
effects of stream crossings are taken from the draft 
Environmental Impact Statement, and I can cite you a 
number of cases where these sorts of problems were 


alluded to in that statement. I would be glad to, if 


you would like. 


Q We have copies of the 


draft Environmental Impact. Statement, sir. Dr. 


has the various references. 


evidence at page 7476 with the caribou herd, Porcupine 


herd. You say: at the beginning of line 16: 


"Increased access to a caribou herd and increased 


human activity have historically had adverse 
impacts on caribou and reindeer herds wherever 
they are found. There is no reason to expect 
the activities associated with the proposed 


Alaskan Arctic Gas Pipeline project will have 


any less impact." 


‘That's the end of the quote, sir. I was wondering first 


what historic activities you had in mind in this 


statement, or is this another statement that is borrowed 


from the draft Environmental Impact Statement? 


AX Well jel 'm sure A thoccurs 


there, although that's not a. specific reference. 


In Alaska at least, and I believe elsewhere, there is 


Dawson 


Now, Sir, you deal in your 
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ALLWEST REPORTING L.-TD. 
BURNABY 2, B.C. 


Weedon & Parker 
Cross-Exam by Marshall 


ample evidance Sean association of increased human 
activity and increased access to a caribou range with 
these adverse effects on the caribou or reindeer 
herds, wherein those areas, I'll cite for example 
the effects of hunting, the effects of tracked vehicles 
and snow machines on the behaviour of caribou, the 
effects of improper use of helicopters, and use of 
large numbers of noise-making machines including 

AS cites sors and pumps on the ground, as well as air- 
craft in the air, all of which are known and can 
observably be seen to have effects on the lives of 
caribou and reindeer. 

Q Well, sir, your descrip- 
tion of those various activities leads me to the next 
question. In listing those various activities, do I 
take it that you're assuming that all of those are 
going ‘to follow the construction of the Arctic Gas 


Pipeline? 


A I think that most of them 


will. It's certainly within the power of the state 
government, to, for example closethe season on caribou 
and thus make it impossible for hunters to hunt along 
the line. Nevertheless, that then forfeits access to 
a resource of some significance, and there are people 
who wish to have access to those caribou, and it's 
sometimes very difficult for governments to decide 
to shut off that access to suchja resource. 

' Now as far as the other 


activities are concerned, the non-hunting activities, 


I think you would agree that if my initial apprehension | 


11105 | 
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u which I voiced very early comes to pass, that is that 

P. the construction of the gas pipeline across the North | 
3 Slope of the Brooks Range does -- is in fact followed | 
4 by increased human activity, then this activity will | 
5 have an effect on the caribou that are up there. 

6 Q You agree, do you 

7 personally, sir, that hunting is an activity that the 

8 state can control in this area, if it chooses to do 

9 so? ; | 
10 A Yes, within the limzts | 
Lu of the budgetary ability of the state to put enfoerce- 
12 ment officers up there to enforce the laws. 
3 Q And your concern then, | 
14 if I understand you correctly, is more with the | 
OS developments that you anticipate might follow rather 
16 than with the project of Arctic Gas? 

i A Yes, and I say, | 
18 "activities associated with," | 
a) not necessarily restricted to the activities within | 
20 the responsibility of the applicant company. | 
Poot . Q . Well, what impact on 

22 caribou do you foresee following the activities of 

23 the applicant company alone? | 
24 | - A These would specifically | 
25 stem from any facilities that were constructed along 

26 the line, such as compressor facilities. They would 

27 also flow from or result from the maintenance activities 
28 of the pipeline and those compressor stations. | 
29 Q Sir, in those regards | 


30 have you read the disturbance study work relating to 
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Cross-Exam by Marshall 


caribou that's been done by consultants to Arctic Gas? 


A No. 

Q You haven't? 

A No. 

Q It may be of interest 


to you then, ea and I say that because tho@ distur- 
bance hdduecvaceds both with aircraft disturbance and 
compressor station noise, and if you follow the 
prieeenies of the Inquiry I think you will hear 


evidence from the consultants who have been involved 


in the work, that they don't share your concern. 
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ALLWEST REPORTING LTD. 
BURNABY 2, B.C. Parker, Weedon 


Cross-Exam by Marshall 





“ TUSE Copmake. at clear. saz, 

2 the statement then at page 7476 is made without reoard 
3 to the work that has been done by Arctic Gas and 

4 is reported in the piological Report Series on 

2 caribou? 

6 A i, wouddn! tuisay it 1s 

7 made without regard to. I would say that it is 

8 


made cognizant of that work in the Biological Report 


9 series. Nevertheless the cautionary approach, the | 


10 cautious approach and the apprehensions here, I think | 
| 

11 are still very well founded. 

12 @) Well, sir, you haven't | 

13 read the Biological Report Series reports pertaining 

14 to caribou? 

15 A Wade 1S Cor Geet, = Due 

16 as I said early in my statement, I am relying on 

17 the judgments of many people who have read those 

18 FrepoOLeEs.. 

19 0 Well, I am interested | 

20 in the statement found on page 7476, line 16 to 22 

21 inclusive, whose judgment does that represent, sir? 

22 A The judgments of, and I 

23 will name some of the people who I named before, Dr. 

24 * David Klein, Mr. James Hemming, Dr. Robert LeResche 

aa the last being L.E.R.E.S.C.H.E. of the Alaska Department 

ee of Fish and Game. 

ey WITNESS. PARKER; 

28 A Commissioner, I read 

29 the studies and I was in the area a anood deal when 

30) 


they were being carried out and I think the point 
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BURNABY 2, B.C. Cross-Exam by Marshall 


that needs to be amplified is that that small fraternity 
Of people who specialize in caribou behaviour are not 
really that unified in their judgment on this situation, 
while Gas Arctic's consultants have certainly 

spoken in this area, there is a good deal of 

dialogue that needs: to be continued on it. 

QO Dr. Weedon, there are 
a number of comments pertaining to caribou in this 
section of your evidence and I was wondering generally, 
sir, what the basis of of these comments. Was this 
your own work ,that of vour staff, or was this the 
work of some other agency. 

WITNESS WEEDON: 

A The comments are a 
representation of the results of the work of all of 
those people that I mentioned and people who have 
worked, who together represent the mass, the majority 
of expertise on caribou in Alaska, including Dr. 

Ronald Scoog whose work up to the middle and late 
1960's was the classic and foundation work for 
people, for biologists later on. These conclusions, 
which are general, that you cite here and in lines 


further down, 22 through 29, are, I believe, fair 


representations of the results of the work of those. 


_ people. 


e: Well, sir, have they 
been involved inthe preparation of the evidence 
that is found reproduced at these pages of your 
transcript? Or is this someone”sS assessment of the 


effect of their work? 


| 
| 
| 
| 
| 
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‘ A This is my assessment from. 
the reports that they have written and from my talks 
with them as personal friends, over, in some cases, 
fifteen years. 

Q This section dealing 
with ear pdicetsentiarny taken from the draft, "En- 
vironmental Impact Statement of the Department of 
the Interior? 

A I don't have every line 
cited here and I have a bunch of citiations of 
-- in the page 7475 on the water problem and fish 
problem.. I have no such citation on this material 
from the caribou, so I am not sure whether it appears 
in this form in the draft, "Environmental Impact State- 
ment" or not. 

(8) You mentioned that 
your assessment .of the work of the various scientists 
who have been involved in this area has been made on 
the basis of the reports they have written and personal 
conversations. I was wondering, sir, if you could 
list and provide the list to your counsel, the various 
reports that you have in mind when you make that 
statement. 

A DIWLLiSdo sso. 

0 Thank you, sir. 

You speak about the harrassment | 
of caribou by low flying aircraft, and this is deait 
with at 7477. 

A Yes. 


6) You have told me that you’ 
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1 are aware of the plan of vArotlidpGasmto- carny out 

+ construction along the North Slicpe during the winter 
3 and you will agree with me that the caribou are 

4 absent during that time period? 

5 A Yes, certainly they are 
6 not, as indicated three or four lines down, the 

7 calving time is not at that time of the year. 

: Q Do I take it then that 
9 your concern then would relate to operations and 

10 maintenance flights? 

11 A Yes. That would refer 
12 not only to the operations and maintenance by the 
13 applicant or th¢pipeline company itself, but also 
14 by any government agencies that have occasion to 
15 go on surveillance ‘flights along the pipeline. 
16 Q I was wondering, sir, if 
1? you had been aware of the flying rules and regulations 
18 that have been issued by Arctic Gas governing all of 
19 its operations, specifically, theyrestrict heights 
20 at which aircraft are flown and matters of that sort? 
21 - A Is this operations of 
22 the prospective pipeline? 
23 Q Well, at the moment it 
2a “is operations of the study groups that are carrying 
~ OUEST nets 

26 A Yes. 

ad Q Are you familiar with 
seat the regulations? 

— A Yes. 

30 


@) Are you‘familiar at all 
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Cross-Exam by Marshall 


with the disturbance studies that were done 


pertaining to aircraft and caribou that were in 


part responsible for the establishment of the altitudes? | 


A Not specifically, no. 

MR. ANTHONY: I wonder if 
Mr. Marshall could assist me. Is that the report 
that he referred to earlier that will be provided 
in December or is this another report? 

: MR. MARSHALL: No, we were 
talking about water availability earlier. The 
report that I am talking about now is in the Biological 
Report Series. I don't have the reference now. I 
Gan “‘ét-iv for Mev Anthony ithe would like a 

0 Sir, I am not certain 
whether the flying rules and regulations that I have 
spoken of are in evidence. I helieve they may be an 
exhibit. I don't have that reference. If not, the 
environmental panel, I think will speak to those 


and put them in. 
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Weedon & Parker 
Cross-Exam by Marshall 


WITNESS WEEDON: 
: May L@ point ouc that’ in tis 


discussion, and it's obvious to you, Mr. Marshall, 
that whatever Arctic Gas may do to control the 
activities of its own consultants or its own personnel 
or contractors, that it has no very great control 
at least over the air space used by photographers 
who might come up from Altoona, Pennsylvania to 
take a look at the pipeline and this kind of thing. 
It's the entire gamut BE asorhent al: and corporate 
activities that cause me to make these statements. 

Q Well, I suppose it's 
true, though, is it not, Dr. Weedon, that there is 
no control now over anyone who may wish to fly over 
caribou, inspect them, indeed to harass them? There's 
very little control being exercised by governments. 

A There is a regulation 
prohihiting it, but there is no enforcement, 
OF course, “the point is that until activity in the 
Arctic became so intense and seems likely to intensify 
that it became a problem, because so few people ever 
got up there. It's a matter of maybe a dozen over- 
passes a year during calving time may be tolerable 
by the caribou, but 100 may very well not be. 

THE COMMISSIONER: Mr. Parker, 
you wanted to add something? 

WITNESS PARKER: Td Wake 
to get the discussion back to what the situation is 
now. Right now there are two weekly DC-3 flights 
into Kaktovik along the coastline that serves the 


Dew Line stations. There are three S-27 flights from 


11113 | 
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Cross-Exam by Marshall 


Fairbanks and then of course there are the over-flights 


of the Polar Air routes which can generally not be 
heard, only the vapor trail seen, and they are 
usually 33 to 37,000; but -- and then normally the 
rest of the people that are in that area are either 


Arctic Gas or the Fish & Wildlife Service. There's 


Very Little casual intbruston“inte the *arear The Arctic 


Research Lab has a camp there too, and the general 
aviation activity at Prudhoe Bay never extended very 
far east of Flaxman Island. There were a few explora- 
tions along the Canning and through there, but very 


tentative. 


11114 | 





ithe level of activity, aviation 


activity on a pipeline corridor, especially in its 
early days before the support roads are built is 
very intensive, and especially helicopter activity, 

Helicopters do tend to fly at the minimum legal 
altitude, md do tend to be very noisy. But in the 
first summer of the Alyeska construction, why when 
you were helicoptering along the pipeline, why you 
kept eyes open because sometimes you'd have two others 
in sight at the time, and it was a very intense lével 
OL deriyrty >" I doubt if anyone can build a major 
pipeline, at least in the initial stages, before he 
gets his ground support going without have that 
particular level of activity. I think that's what 
the whole discussion ranges about. 

| Dr. Klein nas done a great 

deal of work on stress analysis, due to overflights of 


aircraft, and has some ideas of his own about this, and 
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Cross-Exam by Marshall 


Lt Sivery, difficult to quantify, based on the Alyeska 
experience, because I don't remember us encountering 
any major caribou migrations during the period of 
intense aviation activity, if there were no one has 
reported them as yet and I didn't have any personal | 
experience in that regard. 

But caribou will tend to be 
further east in the Gas Arctic area, and it is still 
very -- ‘a subject which I said earlier,has not been 
resolved; but there is probably at this particular 
moment less aviation intrusion into that part of 
Alaska than any other part, except for the Aleutian 


chain. 





Q Dr. Weedon, on page 7477 
at line 9 and following, you have a statement as 
follows: 

"Disruptions of the normal movement and 
behaviour patterns of the Porcupine caribou 
herd may cause the herd to abandon part or 
all of the traditional calving ground with 
possible catastrophic effects on the popula- 
tion and serious secondary impacts on the 
wolves and humans who depend on caribou for 


their subsistance." 





That's the end of the quote. I was wondering, sir, 


what it was that you were basing this statement on, 
or is it one that's taken from the materials prepared 
by others? 

WITNESS WEEDON: 


,Simply by transference 


of the experience of these people whom I cited, and 
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Weedon & Parker 
Cross-Exam by Marshall 
other areas to this relatively new-- that is, yes, 
relatively new area as far as our knowledge is 
concerned. I talk about disruptions of the movement 
and behaviour patterns of the Porcupine herd, may 
cause the herd, I'm not saying that disruptions have 
caused the herd to abandon part or all of its range, 
crc, - 

MR. SCOTT: Tell Mr. Marshall 
"catastrophic" will be indexed under "horrendous". 

MR. MARSHALL: Is that an 
undertaking that we will receive an:updated index? 

MR. SCOTT: If you'd been here 
on Friday you would have had a full report on the index. 

MR. MARSHALL: I read the 
remarks in the transcript, Mr. Scott, and I'm eagerly 
awaiting pages on "horrendous". We now have two 


references. 





Q Dr. Weedon, it's been 
pointed out to me that the statement that you make 
at the beginning at line 9 is essentially the statement 
that's made on page Roman numeral II:771 of the draft 
Environmental Impact Statement. Do you have the 
document? 

A No, I don't have it 
in front of, me, mo. 

Q There's no reference in 
the materials. Now it may be that you and the advisors 
who prepared the draft Bnvironmental Impact Statement 
had the same thoughts in mind. Perhaps yoycould tell 


me what it's based on? 
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Cross-Exam by Marshall 


A Are you saying there's 
o reference in my material, or no reference in their 
aterial? 

Q There's none in either. 
eally, isn't this a statement simply taken out of 
he draft Environmental Impact S tatement? It seems 


Go was sbhatiet ws, 


A Yes, yes. As I said, 
I} have no specific reference in my copy of the state- 
ment here to tell me whether it was taken out of the 
| 


draft Environmental Impact Statement or not. if 


would say that I would be surprised if a statement 


gle) ea 





very Similar to that were not in the draft environmental 


Statement because I think it is a fair representation 
; ; . . 
On the, concerts of biologists caribou biohogists,an 


Alaska at the present time. 


| Q Weild4,.isaer ada wowkd have 
thought that might have been referenced to some scien- 
tific report or investigation. Do you know of any that 
support the statements made at this point in the 
trlanscript? ° 

| A I would defer to your 
" pursuit of this in the other aspects of this 


Inguiry, or to the Federal Power Commission. I just 


| 
cant answer that. 


‘ 0) Well, do I take it 
you're not able to supply me with any? 


supply, when you asked earlier I said I would supply 


a number of references to this question of the effect 


t 


| 


1 
t 


1 <A i told you that I would 
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Weedon & Parker 

Cross-Exam by Marshall 
of disturbance Ane behaviour Of .carivbow,; and I wirill 
dow that. Dicannots do-it right, now. 

THE COMMISSIONER: Yes, Mr. 
Parker? 

WITNESS PARKER: Mr. Marshall, 
the last point I remember him addressing was, however, 
as to whether wolves and humans competed for caribou 
as a food source. Was that under dispute? 

MR. MARSHALL: No, that's not 
the point I was getting at. 

Q Yourassertion that there 
were possible catastrophic effects in the population, 
and serious secondary impacts, I wanted to know what 
the basis of the statement was. 

A Well, we are experienced in 
similar situations due to impacts in other parts of 
Alaska in relationship between predator and prey, 
specifically wolf and mribou, and human interaction, 

I think we can document such interactions by chapter 
and verse, not in this specific geographical location, 
but certainly in other areas of the state. Having 

sat through many hundreds of hours of hearings on 
this specific subject, why I would certainly have 

no doubts about the state's ability to get into that 


area about as deeply as we chose to. 
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dab 18 


Cross-Exam by Marshall 


@) Well, I appreciate your 
remarks, Commissioner, Parker, but specifically, I 
think what we are trying to assess is what the impact 
of the proposal that has been advanced will be and 
that is what I am trying to relate the statement 
to. Do I'itake it that the statement is meant to 
relate to the Arctic Gas proposal, Dr. Weedon, is 
that fair? 

} WITNESS WEEDON: 

A That is meant to say 
that there is grounds for concern that what we 
know 2S occurring and has occurred in the past in 
other parts of Alaska might also occur with the 
Porcupine Caribou herd given the increase in access 
and human usage of the range of that herd in the 
future triggered by the applicant's proposal for the 
their pipeline. 

O I take it we get back 
then to what you view as the triggering effect. It 
is not this project so much as what you. see might 
follow specYfically. 

A rT think-that is accurate, 
yes. 

Q Specifically you are 
concerned about oil and gas exploration in the range? 

A Yes, there is that, but 
also the matter of sort of opening the flood gates 
as Justice Berger mentioned, that if vou turned the 
Arctrc=wiwalaite “Range “into a multiple Use area; “rather 


than as a potential wilderness area, then you are 
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Be ete) Reet Parker, Weedon 


Cross-Exam by Marshall | 


! 
\ 


talking about the: likelihood of hard mineral development 
as well as oil and gas development for example. : 
9) Well, as matters currently 
| 
stand under American law, isn't this something that 
is left to the judgment of the Secretary of the 
Department of the Interior? 

A That is correct, but 
the matter of desiqnating the area as a wilderness is 
left to Congress and if the Secretary takes an 


action which leads to the loss of the wilderness 


character of the area, then the Congress no longer 





has that option. The Secretary can take, on his own, 
an action to, as you pointed out, to permit the 
utilization of the Arctic Wildlife Range for a 
gas corridor, and that action, if not stopped by 
Congress, would prevent Congress in the future 
from designating that en of the range as a | 
wilderness area. 

0 Well, that would really 
apply to any area in the United States? 


- A That is correct, that 


is correct, any area that is now wild and there aren't 
that many. 

fs Aga itt,rieer ~rlatesxs in 
that paragraph, line 18, you talk about the eventual | 
disappearance of wilderness and rare species will 


hum 
follow/occupation of the pipeline route. Do I take | 


it that you are not really talking so much about the 





Arctic Gas proposal, which has very low human occupation| 


in this area, but what you see is perhaps following 
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BURNABY 2, B.C. Parker, Weedon 


Cross-Exam by Marshall 


it? ri 

A Ther S|  COLre Ct. 
That was line 18 on what page? 

Q TAT Sir, and further 
on the same page you deal with animal behaviour 
een being disrupted due to noise sources and the 
possibility of psychological stresses. You say at 
(ines eeuCO «255 quotes 

"This disturbance could conceivably result in 
some degree of psychological stress -- 


THE’ COMMISSIONER: That is 


physiological -- 

MR. MARSHALL: 

9) Physiological, I am 
sorry. Physiological stress. Getting up for those 


early flights is telling on me, sir. Under which , 
sir? 
THE COMMISSIONER : It is 
under "P", never mind. Just carry on. 
MR. MARSHALL: Have you 
got that for the indexers? 
Q You say: 
"This disturbance could conceivably result in 
some degree of physiological stress and will 
probably at least force animals from the 
specified areas activity." 
I take it there should be an "of" inserted before 
activity there. 


i was wondering, Sir, it this 


waS again Smething that wasS your opinion or whether this, 
5 | 
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1 is someone else's opinion? 

2 A ThesoGLatt, Jha iyo. pace 

3 657 deals with that question, and that is the | 

4 Catation, chat 1 am mainly relying. upon, | 

5 QO That is the basis | 

6 of your opinion, you haven't done the work yourself | 

7 that leads to this statement, sir? 

8 A Choate! Santon te. 

9 : 0 Turning. to. Che? bottom | 
10 of page 7480, and continuing over on the page, | 
pa 7481, the following statement is made, quote: | 
12 "The proposed Alaskan Arctic Gas Pipeline | 
43 system with its individual components will 
14 have a cumulative, touceence adverse impact 
15 on possible future status and productivity 
16 of the Arctic Coastal Plainand foothills 
L? ameas, Of the Arctic National Wildlife Range | 
18 as wilderness." 

19 Again, sir, is this a statement of yours, or is | 
20 this a statement made by others that you have | 


Dh adopted? 


me A x am sure others have | 
23 said it, however, this is a statement of mine, 1 | 
24) . would back this statement, because -- and I am not | 
25 sure what your specific problem is with it -- but if | 
26 | you are talking about future status and productivity, | 
ay I ees that conboert of stress the word "productivity! 
28 do you wish an explanation of that or? | 
29 fe) You are anticipating my | 
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Parker, Weedon 
Cross-Exam by Marshall 


wondering what you see as being the effect on produc- 


tivity of the North Slope the project would have. 


A As wilderness. 
@) Well, perhaps I mis- 
understood you. I thought the -- as wilderness 


related to status, future status, possible future 
Status, which you say in lines 2 and 3. 


A No, I meant the 


as wilderness, the very last two words in the sentence 


Go] refer, to both future status*and’ productivity® of 
this plains and foothills area, and wilderness is a 
valued human experience. It can be seen therefore as 
aerecsOuscesana= tne abrlitysor@this*area to™ produce 
that good for humans will be changed by the proposed 
project, and that is what I meant here. I didn't 
phrase it very well. 
@) So the productivity -- 
A That does not relate 
to so many grams of carbon fixed by photosynthesis 
per year, etc., biological productivity. 
- Q That is what I was 
wondering about, thank you. 
Would you turn, sir, to page 
7482, the middle of the page you make the following 
statement, quote: 
"Under worst case conditions it would be 
possible to harm up to 60,000 Old Squaws 
and Eider ducks." 


End quote. Have you found that? 








MR. SCOTT: What page was that, | 
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Cross-Exam by Marshall 


Mr. Marshall? 
MR. MARSHALL: TAB 20 
MRs SCOTT«" Thank 7you, 


MR. MARSHALL: 


O Have you found that 
reference? 

A Yes. 

Q I was wondering 


what you base this statement on. 

A That comes from the 
State of Alaska's Beaufort Sea Report which is 
Exhibit number 183, tabled at this hearing and also 
from the Bureau of Land Managements, or the Department 
Of tnewinterion, shal wo., On) page u697. 

@) Does that figure 
represent the entire population of Old Squaws and 
Eider ducks in the region? 

A I can't answer that. I 
would presume it is that portion of the population 
that could be exposed to spilled materials in this 
lagoon or esturine system of the north coast. 

O The State of Alaska 
study you were referring to was one that é4¢ealt with 
what, Sir? - Exploration --? 

A It dealt with the 
question, shall the State of Alaska lease its own 
lands from mean high tide out for three miles to 
oll androas, that is; lands in the Beaufort Sea area. 

QO Was the statement 


quoted drawn from a consideration of the consequences 
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USNR Ss, Be Se C ross-Exam by Marshall 


i of a major crude oil spill? 

2 A Well, that was of course 
3 the prime item that might be spilled under a leasing 

4 of areas for oil and gas, and exploratory drilling and 
.) so on. However, it would refer also to any other 

6 toxic materials that imight be spilled including fuels 

7 that would be used for all of the equipment, machinery 
8 for building any aa of a major facility up there 

3 including a gas pipeline. tjthink in: that paragraph 
10 


that you are referring to, on page 7482, lines 1l 
11 through 15 or 14, I mention the factors that would 
-- as those factors change so would the nature of 


the damage, if any to the waterfowl. 
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Weedon & Parker 
/ Cross-Exam by Marshall 


' Q You indicated a worst 
2 case condition, and wondered if that didn't mean that 
3 you were relating it to a major oil spill? It seemed 
a to me like it was quite a number of ducks. 
) A M-hm. Yes, I would say 
6 that the risk of a harm to that many birds would mainly 
5 


hingon, let's say, the spilling of large quantities of 





crude oil. That would be the only material in such 
huge quantities at*== in that region. 

Q Further on in the page, 
sir, beginning at line 22, you say: 

"Petroleum products entering a sub-surface 

drainage system may lower freezing temperatures 

of ground water and delay the formation of a 

frost bulb and threaten pipeline integrity." 
Have you found that, sir? 

A wes. 

Q Sir, I am advised that 
most petroleum products are jimmiscible in water and neers! 
little or no effect on lowering freezing points. Do you 
know anything about that, sir? 

A This is a citation from 
the Environmental Impact Statement, Volume 1, and I 
“can't vouch for it one way or the other. 

THE COMMISSIONER: What was the 
word you used, Mr. Marshall? 

MR. MARSHALL: I had to ask-- 

nies They don't mix. 


MR. MARSHALL: Immiscible. 
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Cross-Exam by Marshall 


1 e Q Sir, at pages 7482 to 89 | 
2 of your evidence you deal with the interior route. | 
3 Do I take it, sir, that as between the coastal route | 
4 and the interior route, you prefer the coastal route? 
5 A Speaking from my opinions 
6 personally? | 
7 Q Yes sir. 

8 A It's time to “go to this 





a-b-c thing again. I recall a debate that took place 


| 
in the Whitehorse hearings with Mr. Collins and Mr. | 
Leonard, in which you were asking them to choose up | 
sides and list these things in order of preference, Ane | 
I'm not sure exactly how to deal with it myself. Each 
of these routes has its pro's and con's, and one is 


forced to look at the whole series’of alternatives 


rathex ‘than? “just. lookingrat’ one “at a time. 





QO Well sir, I agree, it 
gets quite complicated, and I was wondering if we 
could deal with just two of them. Arctic Gas has 
put forward what it calls its prime route, and then | 
an interior route, which it is preparedto build if the | 
coastal route, the prime route is not available. I | 
was wondering as between those two routes, the interior 
route, yes, that Commissioner Parker was referring to, 


and the coastal route, whether you had a preference as 





between those two? | 
THE ‘COMMESSIONER: “Lf you! 11 

remember, Dr. Weedon, that the witnesses who came from 

the United States, one was Mr. Collins and the other 


Wash 
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Cross-Exam by Marshall 

A Dr. Leonard. 

Q == Dr. Leonard, were 
choose between those two routes and they both, as I 
recall, preferred the coastal route. That is it would 
do the least damage, they felt. Now, if notwithstand- 
ing the State of Alaska's position, the F.P.C. and 


so on and so forth, we're to say, "We will let 





Arctic Gas build this thing." Then where would you 

sit? They should build it along the coast or through 

the interior, or have you an opinion at this stage? 
A Well, I think that when 


you're asking as between those two routes, then you're 





really on -- or I, personally, am on the horns of a 

dilemma because . the oe southerly route in my opinion | 

is the worse of the two, is that good grammar, anyway 

at S.not eeeane I would choose from the standpoint of 

its effect on specific vegetational and soil and water- 

fowl and other wildlife resources because I think there 

are more resources under potential jeopardy in that 

more southerly route. However, that route does miss, 

as I understand it, the Arctic Wildlife Range, and 

a very prime concern, in my own personal consideration 

of this matter, is the integrity of the Arctic Wildlife 
. Range as a potential wilderness area. T. think thas 
has become clear in my answer to many of these questions. 

So that is the dilemma that I would be faced with. 

| Do you value -- would you trade 

‘off a somewhat more harm == potential: harm to wildlife 
resources in order to retain the wilderness that you 


have available now? I would really rather not answer 
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Weedon & Parker 
Cross-Exam by Marshall 
the question unless I'm forced to at the moment. I 
think it's enough to point out the real difficulties 
and I will certainly admit that, and maybe this is 
what Mr. Marshall is really after, that the potential 


damage to environment, apart from wildemess character, 


is less with the coastal route than the other one, | 





the interior route. 
f MR. MARSHALL: 
Q Doctor Weedon, I can | 


o 


appreciate that you agonize over the question, and that 


| 
| 


you back away from personally wanting to make a statemen 


on it. I was wondering, though, whether or not the 





State has taken a position on this issue? 
A NO, it has not. 
WITNESS PARKER: Mr. Commis- | 
sioner, in the final meeting of the State Working Group 
we did not rank order the alternatives other than 
ourdecision for an all TransAlaskan route, and as Dr. | 


Weedon pointed out, there are very many detrimental 





disadvantages to the south with the Wildlife Range 





route probably penetrates the area. One of the most 
pristine remaining wilderness areas left on the 
continent, ,however, there are very real political | 
reasons why the state, you know, does not want to 
choose between those two routes because the Arctic 
Wildlife Range is an existing refuge and does have 
status now, and you don't want to give away that which | 


you already have in the hope of future gains in other 





areas easily. 
That's why we didn't rank 


order them. 
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a THE COMMISSIONER: Yes. | 
Z MR. MARSHALL: Q Sir, on page | 
7508 of the transcript you make the statement, beginning 
4 at the top of the page: 
5 "Gollop and Davis in studies done for the 
6 Alaskan Arctic Gas Pipeline Company found 
7 that noise similar to that made by a compressor 


8 station will eliminate snow geese from an area 


9 . and would also adversely effect other molting 


10 waterfowl." 





With respect to this area, sir, I was wondering if 
12 you had quantified it or you were aware of the area 


i3 as quantified by the researchers? 
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: WITNESS WEEDON: A That material is cited 
; from the Environmental Impact Statement and I can give 
: you the page numbers, page 1425, part 2, volume II. | 
: I can't recall whether that discusses the area | 
; affected or not. I would suspect that it does. | 
: Q Dr. Weedon, I gathered | 
/ from your opening comments outlining your experience | 
; that you were involved, beaqinning in August 1959 | 
; with the Sierra Club, the Alaska Conservation Society 
a and the Wilderness Society, is that correct? 
12 | 
A Yes. 
12 | 
Q Do I understand correctly 
a that you wre involved with these organizations as 
of one of the principal opponents of the Alyeska project, 
o the TransAlaska pipeline project? 
16 : 
A Yes. 
Li | 
O What was your role in 
7-3 Chatemenceavour, Sire | 
ia A At that time in August 
a of 1969 when I went to work for those three conservation 
o groups and until I left their employ in June of 1970 
a that was one of the hottest periods in the debate 
. over the TransAlaska oil pipeline and my effort at 
a that time was to point out some of the problems that 
4 I and others of my acquaintance foresaw with respect 
a to that ‘oil pipeline that didn't appear to be dealt 
. with adequately by the engineers and other people 
representing TransAlaska Pipeline at that time. . | 
a I pointed out the potential problems of the pipeline | 


on caribou migrations, the entire question of oil 
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field development and it s impact on waterfowl and 
other creatures of that area, the question of the 
North Slope haul road and its effect on opening up 
the country to more human pressures and settlement, 
etc., basically raising the issues that I felt were 
not being addressed adequately on a project of that 
magnitude. 

(@) Did you write articles 
pertaining to these concerns that you had, sir? 

A Nes, eo 10a. 

OQ Did you also testify 
in the various court proceedings that were carried 
out? 

A I never appeared in 
person to testify, I may have submitted testimony 
to the three groups that were in litidgation through 
the Environmental Defence Fund. I know that I 
drafted testimony. I can!t honestly say whether 
it actually appeared in the court record or not. 

0 Yes, well, perhaps you 
could check that point, and if you did give evidence 
you could let us know. 

A Would* vou dike a copy of 
* the evidence? 

Q Yes, Il am sure that. 1t 
would make fascinating reading. 

Also you mention that you 
wrote articles. I wonder if you would be good enough 
tO provide Us with a list “of those articles “that 


you did write 
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A LWA) 

@) Sir, you mentioned that 
you were concerned that certain prolems had not been 
adequately dealt with in the studies. Ultimately 
did you feel that the Alyeska Company and its consul- 
tants did adequately deal with those various concerns 
that you raised? 

A i would a wealn yasay 
that the’ proof of that is in the pudding and the 
pudding is just now being made, The person who 
here can speak to that more adequately than I is 
Commissioner Parker, that is, you are asking the 
question , were these problems that I and others 
raised adequately recognized and responded to by 
the TransAlaska Pipeline, or now Alyeska, and has 
that been put in, have those problems been responded 
to on the ground in the construction of the pipeline. 
So if you don't mind my deflecting that question 
to Commissioner Parker, then I would ask that you 
ask him. 

; Q Welles cart. donut 
really want to get into a blow by blow about the 
Alyeska project and so on. Really, I was interested 
in your role more specifically, and I will tell you 
why, sir. I had understood that you had had a very 
major involvement as one of the people working very 
hard in So eae to the proposal, the Trans- 
Alaska Pipeline proposal, and you told us that you 
identified a number of ae concerns that you felt 


hadn't been adequately demonstrated, i nari wee 
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is fair to say from your evidence, at least as I 
understand it, that you are here before us today 
saying that that same corridor ought to be the one 
that accommodates the gas pipeline in the event 
one is built, to take Prudhoe Bay gas to markets, and 
that leads me to ask, well, has Dr. Weedon become 
satisfied that all of the environmental concerns 
he felt should be addressed and remedied, if you 
like on that route, have been addressed and remedied, 
and that is why he feels that that is also the 
best route fora Gas pipeline. 

A iam icertainly not 
goings ter telat vourthat which I don't believe is 
true, and that is that all of the problems have been 
solved, that there are no problems remaining, environ- 
mental problems remaining in the construction of the 
TransAlaska Oil Pipeline, Again, for specific 
problems, if you want to get into them, I think 
Commissioner Parker can tell you about them, but 
the TransAlaska Oil Pipeline is an established project 
thatete noti.going to. be stopped. It is going, to 
go to completion. It has established a corridor. 
It has resulted in the construction of a permanent 
road and work pad to the North Slope and it is 
my conclusion and my feeling that it is best that a 
subsequent gas epupeli new takingwta jresource out iof ithe 
same area uses the same corridor. 

THE COMMISSIONER: I wonder 
if Mr. Parker could comment on the matter that was 


raised. 
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WITNESS PARKER: 

A Well, I am disappointed 
in being left out of Gas Arctic's research because 
I did testify at the '69 and at the '71 hearings on the 
oil pipeline and drafted the Alaska Conservation 
Society's statement at those oil pipeline hearings 
besides presenting my own, I also drafted an 
econometric analysis, at the time I was working 
for the Federal Field Committee for development 
planning in Alaska and I drafted an econometric 
analysis of the TransCanada route and Valdez route 
which proved to my satisfaction that the TransCanada 
Poute Orrered more’ economic ‘advantages to the United 
States and that is all aipart of the record, and 


that was later substantiated by Charles Chekety(?) 


work at resources for the future on the oil pipeline. 


However, that as a particular position did not 
prevail. The reason why I favoured the Trans Canada 
route environmentally was to keep the oil out of 
salt water, a position -- a problem which the 

State of Alaska is still addressing and will pursue 
with vigour as to tanker standards between Valdez 
and the west coast. So you are correct, all of the 
problems which were brought up at that time have 
not been addressed. We regard this as more the 
fault of the Federal Government than the fault of 
the State of Alaska, but we are, as I said, pursuing 


Perevrgourous.y . 
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As Dr. Weedon stated, the oil pipeline is now a fact 
of history, and the prime environmental reason for 
favoring a trans-Alaska route is simply that that 
corridor does exist, that it has been co-opted for 
transportation uses, substantial investments have 
been made in infra-structure which can also serve 
the construction of a gas pipeline. That is the 
difference between 1975 and 1969-70. It is a simple | 
fact that the decision was made for the oil pipeline 


and it carries environmentally with it a gas pipeline, 





as far as we're concerned. Plus the fact that you 
do not have the same problems with gas in the marine 
environment as you do with the transport of oil. © | 
is Commissioner Parker, | 
may I first say that I didn't intentionally omit | 
reference to your work involving Alyeska battles. It 
was purely through ignorance. I hadn't been aware of 
your involvement. Sir, had I been, I would have 


Dbrovgntsit. up). 


Now you say that the ieee 
Noweles that .1t's a fact. Well, really isn’t it history 


in the making, it's just now being constructed and 


we daft know what the impacts will be, do we? 

A We know what the impacts 
have been thus far. We have committed substantial 
resources to the roads, to the camps, to all the 


necessary structures, and when I say "we" I mean the 





United States, as a nation. These are facts. There is 
the environmental problems of this route have been | 


thoroughly thrashed out as far as the dock at Valdez, 
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Weedon & Parker 
Cross-Exam by Marshall 


and we are still He tenes process, as I said, working 
out the salt water leg with which I am highly involved 
at the time. So we do have however, a good handle 
on what exists on shore, and whatever gas line is 
built, we will apply the knowledge we have gained. 
However, obviously we have a great deal more ground 
truth in the present corridor than we could possibly 
have in any other corridor simply because we have 
Breruepea Soemuchesoil=in that’ particularycorridor. 

Also the fact is that it is 
committed, and the other corridor is not committed for 
transportation uses. 

Q Well, sir, we're talking 
about a section of a line of less than 200 miles across 
the North Slope for the Arctic Gas proposal, on the 


prime route. 


A Oh yes, but that will 


impact the whole northwest corner of the state. hE 1s 


not just a line across the map. We went through that 
thread across the map argument a long time ago. 

> Q Wels, ‘thats I'm. sureyiwill 
be debated at considerable length by the environmental 
witnesses being called by the various parties in the 
ensu_ing phases. 

THE COMMISSIONER: Are you 

suggesting the thread across the map or thread across 
the football field, that that isn't an apt analogy? 


a, Noy, I) donveithink 
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especially if you look/on the hydrographic analysis 


that aneapt analogy atall. 
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THE COMMISSIONER: Well, I | 
didn’t think J:t. was. 

WITNESS WEEDON: Perhaps this 
will not be at all helpful, but I'll say it anyway. 
A very thin wirepassed right through the neck will | 


nevertheless sever the head from the shoulders. 





(LAUGHTER) 
MR. MARSHALL: I think that 


brings to mind one of the exhibits filed with the 


Inquiry in a community hearing. 


THE COMMISSIONER: Well, it 
brings to mind it's getting close to five, and it's 
about otnas, time in» the afternoon that we.,don!t seem 
to function as -- with as real effectiveness as we 
usually do. What,do you suggest, Mr. Scott? 

MR. SCOTT: Mr. Commissioner, 


it was. hoped that we could finish the present panel 


tonight. I think that's unlikely, and I've suggested 
to Mr. Anthony that they should be our guests in 
beautiful downtown Yellowknife over-night and return 
tomorrow at nine, hopefully we will finish with them 
in plenty of time so that they will be able to get an 
Sariyeplane: out in the early afternoon..Then.we will 
have Dr. Hughes, who will be here to be cross-examined 
and that will be, I think, tomorrow's work. | 
MR. ANTHONY: Mr. Commissioner, 
the only comment I would make is that it is imperative | 
for Commissioner Parker to return to Juneau, the state 
capital, for Wednesday, and provided the other counsel 


are agreed that he will be able to leave tomorrow 
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Weedon & Parker 
Cross-Exam by Marshall 


evening, I have no objection -- or tomorrow afternoon. 


If they feel that they need more time, I wuld hope that 


could be accommodated this evening. 

MR. SCOTT: Well, Mr. Commis- 
sioner, I would think that we, having canvassed the 
other counsel as to how long we will be, we will 
finish with this panel in, I would think, three hours. 
I haven't heard from Mr. Marshall, will Mr. Marshall 
deal with much more? 

MR. MARSHALL: About a half 
an hour. 

MR. SCOTT: Then if that is 
Mr. Marshall's serene ee ae are usually accurate, 
we would be finished with them by lunch. In any 
event, even if we're not, as they don't answer to our 
subpoenas, they can simply pack up their bags and 
leave at five o'c lock, I suppose, and there's not 
much we can do about it. But I would think there would 
be no risk that they would not be on their way by 
shortly after lunch tomorrow. 

‘ MR. MARSHALL: Are we going 
to sit this evening, sir? 

| THE COMMISSIONER: Well, I 

don't think af With that, gentlemen, and Mr. Scott 
Says we can rely on 11m, we will be finished with 
you by noon tomorrow, that being so we might as well 
adjourn now and get a good eo sleep. You people 
have been travelling and you might prefer that. 


Do you have any views? 
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Weedon & Parker 
Cross-Exam by Marshall 
a WITNESS WEEDON: Well, we 
want to you know, be available for a complete round 
of questioning now, and it looks as though we can do 
it by late afternoon tomorrow for sure. We would be 
also willing to come back tonight, however, if you wish. 
MR es OoCOLLT. a Lathink., Mr. 
Commissioner, coming back tonight is not going to allow 
this panel to leave tonight or first thing in the | 
morning, and that being the consequence, we might all 


be shorter and brighter and more acute if we -- 





MR. MARSHALL: Thank you | 
AGING seCOtt. 

MR. .SCOTT: -—-= if we began at 
oy I except Mr. Marshall for that remark. | 

MR. ANTHONY: Mr. Commissioner, | 
before we adjourn I wonder if I could just make one | 
comment to tie the matter together, and that is Mr. 
Marshall asked Dr. Weedon for a list of his articles 
written and evidence provided the environmental 
litigants in the Alyeska matter. Dr. Weedon advised | 
me he said he'd make that available. I merely cea 
that of course some of these may be for the pvrpose 
of litigation and we'll have to take it subject to 


their counsel's advice; but with that limitation we'll 





do what we can. 

THE COMMISSIONER: O.K., we'll 
adjourn until nine o'clock in the morning then. 

MR. SCOTT: Mr. Commissioner, 
just before we adjourn, so the record will be complete, 


in the cross-examirtion of Dr. Lewis at page 10762, Mr. | 
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Bayly was pursuing the question of whether Babbage 
Bight or Herschel Island were suitable for harbors, 
and Dr. Lewis referred to a report which he wanted 
Mr Bayly to know about. We have the report here which 
is the Department of PUblic Works Report called: 
"Herschel Island Feasibility of Marine Terminal." 
I will provide it to him. I don't think it's necessary 
to make it an exhibit unless he wants us to. I will, 
Mereten;) provide it to him and regard our undertaking 
as discharged, unless there's something else to be done | 
abot it. 

MR. HOLLINGWORTH: This after- 
noon Mr. Marshall distributed a cost comparison between | 
the Fairbanks corridor and the prime route. Now I 
wasn't certain at the time if it was made an exhibit. 

THe COMMISSEONER =: 2 think (e 
should be, Mr. Marshall. 

MR. MARSHALL: Fine, sir. We 
Cangtalte that. 

THE COMMISSIONER: Yes, you can 
file that and let me have a copy too. 

(COST COMPARISON BETWEEN FAIRBANKS CORRIDOR & 
PRIME ROUTE MARKED EXHIBIT 287) 

THE COMMISSIONER: Well, we'll 

adjourn till nine tomorrow then. 


(PROCEEDINGS -ADJOURNED TO OCTOBER 21, 1975) 
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